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Reference Wavelengths From Atomic Spectra in the Range 15 A to 25000 A 
Victor Kaufman 

Institute jor Basic Standards, National Bureau of Standards, Washington, D.C. 20234 

and 

Bengt Edlen 

Physics Department, University of Lund, 22362 Lund, Sweden 

This is a compilation of atomIC lines with accurately known wavelengths covering the range from 
15 A· to 25000 A. The tables are a fairly complete record of available spectrum lines that meet the 
requirements for useful references with regard to wavelength accuracy and intensity. In general, 
wavelength uncertainties range from 0.0001 A to 0.002 A. Section 1, A. > 2000 A, gives hair and Avac 

for 3341 lines belonging to thirteen different spectra of ten elements. Section 2, A < 2000 A, contains 
2091 lines belonging to 59 different spectra of 28 elements. The lines of section 2 are listed both by 
spectrum (i.e. element and ionization stage) and in a finding list arranged in order of decreasing wave· 
length. Detailed explanations of the data and the sources used for the compilation are included. 

Key words: Optical spectra, atomic; reference wavelengths; standard wavelengths, vacuum ultraviolet. 
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Introduction 

These tables of atomic lines with accurately known 
wavelengths, covering the range from IS A to 25000 
A, have been compiled to serve as a convenient source 
of reference in spectroscopic work. The material is 
extracted from many sources, including some unpuh
lished reports, and is drawn from the spectra of many 
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different atoms and ions. This makes the tables a 
fairly complete record of available spectrum lines 
that meet the requirements for useful references with 
regard to wavelength accuracy and intensity. 

At the time when the creation of an international 
system of wavelength standards was initiated, some 
65 years ago (see ref. [2]), the rule was established 
that at least three independent and concordant measure
ments of each wavelength were required for the average 
to be adopted as standard. This had the purpose of 
reducing the statistical errors and, especially, of as
suring international agreement on the· absolute scale, 
which was a crucial point at the time. The situation 
is now different in that the statistical errors can be 
smoothed by means of the· combination principle and 
the absolute scale is secured by a frame of adopted 
standards, in particular the wavelengths of the 86Kr I 

lines; For that reason we feel justified in accepting 
wavelengths as standards on the basis of a single in
vestigation if it is judged to have beon oarried out 

with the necessary care. Certainly, if we 'Vant to ex
tend the system of available. standards this is at present 
the only practicable procedure. 

The material contained in this compilation is divided 
into two sections, one for wavelengths above 2000 A and 
one for the region below that limit. Section I, A > 2000A, 
gives the wavelength in standard air and in vacuum for 
3341 lines belonging to thirteen different spectra of 
ten elements. There is a separate table for each spec
trum, the lines being listed in order of increasing 
wavelength and the tables arranged in order of in
creasing Z. In the case of Ne I, Fe I, Kr I, Cd I and Th I, 
II the data represent for each spectrum a synthesis of 
measurements made at several different laboratories, 
further smoothed and extended by use of the Ritz 
combination principle. For the other spectra, Ne II, 

Si I, Ar I, Ar II, Cu II, Ge I and H~ I. the data derive 
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826 V. KAUFMAN AND B. EDLEN 

in each case essentially from one set of measurements, 
judged to be significantly superior to earlier work. 
Most of the wavelengths between 2000 and 10000 A have 
wavelength uncertainties of less than 0.0015 A. In 
general, for calculated wavelengths the uncertainty 
increases with increasing wavelength because of the 
relation 8A. a: A. 280-. 

In the spectral region above 2000 A, wavelength 
standards are used either for interpolation in grating 
or prism spectra in which case one needs a large 
number of closely spaced references, or for calibrating 
the etalon in interferometric work, which requires 
only a few (in principle on:Iy one) but highly accurate 
references. Especially useful sources for grating 
measurements are hollow-cathode or electrodeless 
discharge lamps of thorium or iron, or hollow-cathode 
discharges producing Ar I and Ar II. For interferometric 
measurements discharge lamps of Kr86 or Hg198 are 
most useful. 

In section 2, A. < 2000 A, we have listed 2091 lines 
in 59 different spectra of 28 elements. In the vacuum
ultraviolet region it is desirable to have as wide a choice 
as possible of reference spectra. One wants to include 
especially the spectra of such elements as carbon, 
nitrogen, oxygen, alum~num, and silicon, which· almost 
invariably appear on spectrograms of this region. It 
is unfortunate that the wavelengths· of the strong lines 
of 0 II and 0 III cannot yet be considered as established 
with the desired precision for inclusion in the compila
tion. It is desirable, also, to improve the data for Si III 

and Si IV. 

The extension of the standard wavelength system 
into the vacuum ultraviolet is essentially based on the 
~ombination principle. Since in this process the wave 

lUmbers are the primary data, they have been in
cluded in that set of tables (section 2.2.a) where the 
lines are arranged by element and ionization stage. 
The same lines are also given (withoui wave numbers) 
in a finding list (section 2.2.b) arranged in order of 
decreasing wavelength. 

Detailed explanation of the data and the ~ou{'Ce'i:> 

used for this compilation are to be found in the text 
accompanying each spectrum. The main purpose of 
the intensity figures is to aid the identification of the 
lines. Considerable efforts have been made to bring 
them on a reasonably uniform scale, but it should be 
remembered that they are usually based on visual esti
l1late~ of pIcHe blackening, um.:urrected for plate sen
sitivity and spectrograph efficiency, and are thus 
consistent only over a limited wavelength. ran~e. More
over, the relative intensities even within the same ~pec
trum depend to some extent upon the light source. 

Estimates of the accuracy of the listed wavelengths 
are included. We wish to emphasize, however, that 
the accuracy that is actually obtained in the Use of these 

J. Phys. Chem. Ref. Data, Vol. 3, N:». 4, 1974 

standards is highly dependent on the way they are ap
plied. There are two points that need special attention. 
The first is that all wavelengths are more or less de
pendent on the conditions in the light source. Therefore, 
we have indicated the kind of light source for which 
the data should be strictly valid, and have tried to 
avoid lines that may easily be affected. The second point 
is connected with the imaging properties of the spectro
graph and especially of the concave grating. Since the 
image of the slit depends strongly on which part of the 
grating surface is active in its formation, even small 
differences in the distribution of the light on the grating 
may result in significant shifts in the positions of the 
spectrum lines. This effect is often overlooked and is 
probably the most common source of errors in spectro
scopic measurements. It is most serious in the vacuum 
ultraviolet where the source cannot be imaged on the 
slit. It should be noted that such shifts may occur even 
between lines emitted simultaneously from the same 
light source if they come preponderantly from different 
parts of the source. Careful attention to the light source 
is, therefore, essential for attaining the potential ac
curacy of the standards. 

Further information pertaining to the derivation and 
proper use of wavelength standards may be found in 
refs. [1] and [2]. References [3] and [4] give additional 
information on wavelength standards in the infrared. 
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1. Wavelengths Greater Than 2000 A 
1 .1. Synopsis of the celeded data 

Spectrum Range (A.) Uncertainties (A.) Number Page 
of lines 

Nel 3352-17162 0.0003-0.002 159 827 
Nell 2757- 4635 .002 .003 171 829 
Si I 2008--11018 .0005- .002 80 831 
Art B947-20616 .0001- .om 19B 8B2 

Arll 2000-10923 .0001- .0011 404 834 
Fe J 2084- 5763 .0003- .0010 684 838 
C.U 11 '2.00\)-i 'OO?11i SJY'JU'5- .\)\))4 401 'M4 
Gel 2019-11125 .0004- .0012 81 848 

86Kr J 3425-25234 .0001- ~0017 198 849 
114Cd I 4678- 6438 .0003- .0004 4 851 
198Hg I 2537- 5791 .0002- .0003 24 852 

Th I,ll 3025- 9475 .0005- .003 882 853 
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1.2. Tables With Comments and References 

Ne I 

The list contains 159 calculated wavelengths of the 
following transition arrays; 3s-4p (3352-3754 A), 3s-3p 
(5400~8082 .A), 3p-3d (7051-9547 .A) and 3p-4s (8865-
17161 .A). The Paschen notation for thes-e transition 
arrays are Is-3p, Is-2p, 2p-3d, and 2p-2s, respectively. 
In 1955 the International Astronomical Union adopted 
as secondary standards the calculated wavelengths 
of the 3s-3p transitions and, as provisional standards, 
the calculated wavelengths of 3s-4p. In 1958, values of 
the 4s and 3 d levels were adopted for calculating 
infrared wavelength standards from the 3p-4s and 
3p-3d transitions. Improved values of the 4s levels 
led to a revised list of the 3p-4s transitions presented 
at the 1964 International Astronomical Union meeting. 

The wavelengths of the 3s-3p and 3s-4p transitions are 
probably accurate to ± 0.0003 A, but the uncertainty 
increases with wavelength as a consequence of the 
relation AAcc A2A<T. A difficulty with the neon lines is 

their isotopic structure,. the 2°Ne line being accom-

In- Air Vacuum In- Air 
ten- wavelength wavelength ten- wavelength 
sity A A I sity A 

5 3351.7492 3352.7126 15 3682.2426 
70 3369.8080 3370.7760 15 3685.7357 

200 3369.9078 3370.8758 

I 
15 3701.2250 

10 3375.6490 3376.6185 10 3754.2156 

70 3417.9035 3418.8839 ! 800 5400.5617 

10 3418.0062 3418.9865 800 5852.4878 

10 3423.9126 3424.8944 400 5881.8952 
30 3447.7028 3448.6908 70 5944.8342 

10 3450.7650 3451.7537 100 5975.5340 
15 3454.1949 3455.1845 70 6029.9969 

15 3460.5243 3461.5156 70 6074.3377 
15 3464.3387 . 3465.3309 30 6096.1631 
30 3466.5787 3467.5715 10 6128.4499 
70 3472.5711 3473.5654 100 6143.0626 
15 3498.0640 3499.0649 100 6163.5939 

30 3501.2163 3502.2180 ZOO {)Zl'1.2H12 
10 3510.7212 3511.7253 200 6266.4950 
30 3515.1907 3516.1960 10 6304.7890 

400 3520.4717 3521.4783 70 6334.4278 
3 3562.9541 3563.9717 100 6382.9917 

70 3593.5262 3594.5516 400 6402.2460 
50 3593.6396 3594.6651 200 6506.5281 
15 3600.1691 3601.1963 10 6532.8822 
10 3609.1790 3610.2085 200 6598.9529 
15 3633.6646 3634.7004 15 6652.0927 

panied by a satellite from the 10 percent 22Ne in natural 
neon. This makes the observed wavelengths slightly 
dependent on· resolution and self-absorption. 

A complete discussion and tables of the data are to 
be found in the Reports of Commission 14 in the 
Trans. Int. Astron. Union, volumes IX (1957), X (1960), 
XIIB (1966); The intensities are basically from the 
references listed, but· the scales of Meggers and of 
Humphreys and Paul have heen joined with the aid 
of Hardy's observations, and Paschen's intensities 
are modified to a more open scale. 

Meggers, W. F., and Humphreys, C. J., J. Res. Nat. Bur. Stand. 
(U.S.) 10, 427 (1933). 

Meggers. W. F .. 1. Res. Nat. Bur. Stand. (U.S.) 14.487 (935). 
Humphreys, C. J., and Paul, E., NAVWEPS Rpt. 5996, 23 (1960); 

N.O.L. Corona. 
Humphreys, C. ]., Paul, E., and Adams, K. B., NAVWEPS Rpt. 

7205, 25 (1961), N.O.L. Corona. 
Hardy, J. D., Phys. Rev. 38,2162 (1931). 

Paschen, F., Ann. Phys. (Leipz.) 60, 405 (1919). 

Vacuum In- Air 
wave!ength ten- wave!ength 

A sity A 

3683.2909 50 6678.2762 
3686.7850 2 6717.0430 
3702.2783 70 6929.4673 
3755.2826 50 7024.0504 
5402.0632 70 7032.4131 

5854.1101 7 7051.2923 
5883.5254 20 7059.1074 
5946.4$12 70 7173.9381 
5977.1892 70 7245.1666 
6031.6667 30 7438.8984 

6076.0194 5 7472.4386 
6097.8507 50 7488.8712 
6130.1462 30 7535.7741 
6144.7628 10 7544.0443 
6165.2996 1 7833.0303 

6219.UU1~ 3 7839.0546 

6268.2283 4 7927.1177 
6306.5325 7 7936.9961 
6336.1794 20 7943.1814 
6384.7562 2 7944.1412 

6404.0157 20 8082.4581 
6508.3259 10 8118.5492 

6534.6870 6 8128.9108 
6600.7755 30 8136.4057 
6653.9295 3 8248.6824 

Vacuum 
wave!ength 

A 

6680.1202 
6718.8974 
6931.3788 
7025.9874 
7034.3524 

7053.2366 
7061.0538 
7175.9155 
7247.1631 
7440.9472 

7474.4964 
7490.9335 
7537.8490 
7546.1215 
7835.1855 

1841.2114 
7929.2983 
7939.1793 
7945.3663 
7946.3263 

8084.6806 
8120.7815 
8131.1459 
8138.6428 
8250.9498 
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Ne I - Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wave!ength wavelength ten- wavelength wavelength ten- wavelength wave!ength 
sity A A sity A A sity A A 

15 8259.3790 8261.6493 100 8783.7533 8786.1654 20 10844.477 10847.448 
25 8266.0772 8268.3493 3 8792.5050 8794.9195 30 11143.020 11146.072 
8 8267.1166 8269.3890 5 8830.9072 88"33.3321 30 11177.525 11180.586 

60 8300.3263 8302.6077 70 8853.8669 8856.2979 11 11390.434 11393.553 
15 8301.5597 8303.8414 10 8865.3063 8867.7405 10 11409.134 11412.258 

15 8365.7486 8368.0476 50 8865.7552 8868.1895 15 11522.746 11525.900 
20 8376.3614 8378.6634 30 8919.5007 8921.9495 9 11525.019 11528.175 
80 8377.6065 8379.9088 20 8988.5564 8991.0240 5 11536.345 11539.503 
10 8417.1591 8419.4721 60 9148.6717 9151.1825 3 11601.537 11604.713 
40 8418.4274 8420.7408 60 9201.7591 9204.2844 8 11614.081 11617.260 

15 8463.3575 8465.6830 40 9220.0583 9222.5885 1 11688.002 11691.201 
8 8484.4435 8486.7746 20 9221.5802 9224.1108 10 11766.792 11770.013 

50 8495.3598 8497.6940 20 9226.6903 9229.2223 10 11789.044 11792.270 
6" 8544.6959 8547.0433 10 9275.5197 9278.0649 2 11789.889 11793.116 

" 10 8571.3524 8573.7071 60 9300.8527 9303.4048 6 11984.912 11988.192 

6 8582.9029 8585.2607 15 9310.5839 9313.1386 30 12066.334 12069.636 
40 8591.2587 8593.6188 

I 
30 9313.9726 9316.5282 5 12459.389 12462.798 

60 8634.6470 8637.0188 60 9326.5069 9329.0659 2 12595.004 12598.450 
5 8635.3175 8637.6894 I 20 9373.3079 9375.8796 7 12689.201 12692.672 

30 8647.0411 8649.4162 50 9425.3789 9427.9647 1 12769.525 12773.018 

150 8654.3831 8656.7602 4 9433.0077 9435.5956 9 12912.014 12915.546 
40 8655.5224 8657.8998 30 9459.2096 9461.8045 4 13219.241 13222.856 
50 8679.4925 8681.8765 50 9486.6819 9489.2843 4 15230.714 15234.876 
50 8681.9211 8684.3057 50 9534.1629 9536.7782 2 17161.930 17166.617 
20 8704.1116 8706.5022 30 9547.4050 9550.0238 

2 8767.5360 8769.9437 100 9665.4198 9668.0706 
40 8771.6563 8774.0652 " 8 10295.417 10298.239 
15 8778.7329 8781.1436 20 10562.408 10565.302 

120 8780.6210 8783.0323 4 10620.665 10623.575 
5 8782.0012 8784.4129 15 10798.043 10801.001 
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Ne II 

The Fe-Ne hollow cathode, which is frequently used 
as a source of wavelength standards,. produces numer
ous lines of Fe II and Ne II in addition to Fe I and 
Ne I. Unfortunately there are no. reliable interferometric 
measurements available for either Fe II or Ne II. How
ever, the Ne II spectrum has been analysed by W. 
Persson so thoroughly that the wavelengths calculated 
from his level system should be sufficiently accurate 
to become useful as auxiliary standards in many cases . 
. We have, therefore, included a list of 171 Ne II lines 
which have been selected by Persson for this purpose. 

In- Air Vacuum In- Air 
ten- wavelength wavelength ten- wavelength 
sity A A . sity A 

7 2756.6186 2757.4333 9 3151.1370 
8 2762.9218 2763.7380 7 3154.7936 
7 2770.5747 2771.3928 10 . 3164.4294 
9 2792.0172 2792.8405 12 3164.6638 
8 2794.2195 2795.0434 10 3165.6489 

10 2809.4842 2810.3118 7 3166.1803 
6 2872.9604 2873.8035 9 3176.1201 
8 2906.8167 2907.6682 9 3187.5762 
9 2910.0609 2910.9133 10 3188.7414 
9 2910.4075 2911.2599 10 3194.5773 

8 2925.6182 2926.4744 15 3198.5861 
15 2955.7254 2956.5890 6 3198.9157 
15 2963.2366 2964.1021 10 3208.9655 
15 2967.1831 2968.0495 12 3209.3560 
1~ 3001.6681 3002.5432 12 3213.7336 

10 3027.0159 3027.8972 15 3214.3278 
10 3035.9219 3036.8055: 15 3218.1926 
10 3037.7199 3038.6039 20 3230.0686 
10 3039.5857 3040.4702 12 3230.4193 
10 3044.0868 3044.9724 12 323~t0214 

10 3045.5558 3046.4418 15 3232.3715 
12 3047.5575 3048.4440 10 3243.3968 
10 3054.6759 3055.5642 10 3244.0957 
10 3059.1049 3059.9943 9 3248.1317 
9 3071.0872 307l.9796 6 3255.4238 

10 3094.0058 3094.9040 7 3263.4112 
9 3132.1884 3133.0961 9 3269.8713 
8 3135.8148 3136.7235 9 3270.8000 

12 3141.3320 3142.2421 9 3275.1796 
10 3143.7207 3144.6313 15 3297.7256 

The levels involved are well interconnected by three 
sets ·of measurements with large gratings. In addition 
to his own measurements, Persson has used unpub
lished measurements communicated by H. M. Cross
white and by J. Ehrhardt. The uncertainties in the 
selected wavelengths are estimated not to exceed 
0.003 A for the longest wavelengths and 0.002 A for 
the shortest wavelengths. The intensity figures are 
{hose given in Persson's paper. 

Persson, W., Phys. Scr. 3,133 (1971). 

Vacuum In- Air Vacuum 
wavelength ten- wavelength wavelength 

A sity A A 

3152.0495 15 3309.7377 3310.6904 
3155.7070 9 3311.2714 3312.2245 
3165.3453 30 3319.7230 3320.6782 
3165.5798 8 3320:1971 3321.1525 
3166.5651 100 3323.7340 3324.6903 

3167.0967 15 3327.1522 3328.1093 
3177.0389 10 3329.1577 3330.1153 
3188.4979 6 3330.7350 3331.6930 
3189.6635 20 3334.8361 3335.7952 
3195.5007 9 3336.0925 3337.0519 

3199.5106 15 3344.3961 3345.3577 
3199.8403 30 3345.4538 3346.4156 
3209.8926 15 3345.8289 3346.7908 
3210.2832 7 3353.5667 3354.5306 
:\214:6620 20 3355.0175 3355.9817 

3215.2563 9 3356.3084 3357.2729 
.3219.1221 12 3357.8190 3358".7840 
3231.0011 ~ 3360.2716 3361.2372 
3231.3519 10 3362.7075 3363.6737 
3232.9544 12 3367.2166 3368.1839 

3233.3046 10 3371.7969 3372.7655 
3244.3326 8 3374.0616 3375.0307 
3245.0317 12 3377.1551 3378.1250 
3249.0687 50 3378.2165 3379.1866 
3256.3627 8 3379.3196 3380.2901 

3264.3521 6 3386.2025 3387.1747 
3270.8139 15 3388.4188 3389.3916 
3271. 7428 7 3390.5518 3391.525'1 
3276.1235 6 3393.1826 3394.1566 
3298.6753 8 3411.3594 3412.3381 

J. Phys. Chem. Ref. Data, Vol. 3; No.4, 1974 
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Ne II-Continued 

In- . Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wave!ength wave!ength ten- wave!ength wave!ength i ten- wave!ength wave!ength 
sity A A sity A A i sity A A 

10 3413.1449 3414.1240 9 3644.8586 3645.8973 12 4369.8637 4371.0917 
7 3414.8880 3415.8675 6 3659.8933 3660.9358 9 4377.9835 4379.2136 

12 3416.9131 3417.8932 20 3664.0732 3665.1168 6 4396.3121 4397.5471 
12 3428.6839 3429.6670 20 3694.2134 3695.2648 15 4397.9908 4399.2263 
9 3438.9335 3439.9192 9 3701.7753 3702.8287 15 4409 .. 2978 4410.5362 

7 3440.7480 3441. 7342 15 3709.6216 3710.6770 10 4421.3904 4422.6320 
8 3443.7065 3444.6934 25 3713.0800 3714.1363 9 4429.6441 4430.8879 
8 3453_0679 3454.0572 25 3727.1046 3728.1646 9 4439.2530 4440.4993 
9 3454.7720 3455.7618 9 ' 3734.9373 3735.9993 9 4439.4600 4440.7064 

10 3456.6080 3457.5983 8 3751.2438 3752.3100 9 4439.9924 4441.2389 

10 3459.3209 3460.3118 7 3753.7792 3754.8461 9 4442.6857 4443.9329 
8 3477.6476 3478.6432 10 3766.2596 3767.3297 9 4446.4421 4447.6903 

20 3481.9331 3482.9298 10 3777.1342 3778.2072 9 4468.9126 4470.1668 
9 3503.5801 3504.5824 6 3790.9174 3791.9940 8 4471.5872 4472.8420 
7 3537.9751 3538.9862 8 3799.9639 3801.0428 9 4508.1293 4509.3937 

8 3542.2412 3543.2534 6 3806.2488 3807.3293 7 4553.1711 4554.4475 
12 3542.8450 3543.8574 10 3818.4232 3819.5069 10 4569.0574 4570.3380 
7 3543.7894 3544.8020 12 3829.7498 3830.8364 8 4580.4185 4581.7021 

12 3557.8039 3558.8202 8 3942.2619 3943.3778 8 4588.1356 4589.4212 
10 3561.2006 3562.2177 8 4062.9746 4064.1221 9 4616.0920 4617.3850 

9 3565.8256 3566.8439 7 4080.5156 4081.6676 7 4634.7664 4636.0643 
25 3568.4999 3569.5189 9 4150.6914 4151.8618 
10 3571.2305 3572.2502 B 4219.3695 4220.5579 
10 3574.1825 . 3575.2030 15 4219.7453 4220.9338 
20 3574.6119 3575.6325 10 4233.8510 4235.0432 

8 3594.1594 3595.1850 12 4250.6450 4251.8417 
7 3612.3261 3613.3564 9 4257.8033 4259.0018 
9 3628.0342 3629.0686 7 4322.7478 4323.9635 
7 3632.6801 3633.7157 8 4341.5132 4342.7338 

15 3643.9273 3644.9658 8 4365.7455 4366.9724 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 831 

Si I 

These lines were interferometrically measured by 
Radziemski and Andrew and have stated uncertainties 
of less than ±.0.002 A in all cases and less than ± 0.001 
A for many of the lines. (See Kaufman, Radziemski, 
and Andrew for the wavelengths below 2100 A.) The 
spectroscopic source used for the observation and 
measurement of these lines was a cooled silicon tetra-

In- Air Vacuum In- Air 
ten- wavelength wave!ength ten- wave!ength 
sity A A sity A 

9 2008.4432 2009.0928 70 4102.9359 
9 2010.9930 2011.6430 25 4747.9936 

120 2058.1323 2058.7908 25 4755.2756 
12 2082.0206 2082.6837 25 4772.7847 
10 2084.4628 2085.1264 50 4782.9905 

100 2124.1225 2124.7939 30 4947.6067 
110 2207.9783 2208.6668 40 5006.0607 
ll5 2210.8940 2211.5832 35 5517.5350 
110 2211.7441 2212.4334 80 5665.5536 
120 2216.6688 2217.3592 120 5684.4843 

120 2218.0569 2218.7476 100 5690.4251 
50 2218.9148 2219.6056 90 5701.1048 
55 2303.0585 2303.7675 45 5747.6670 

300 2435.1545 2435.8931 45 5754.2195 
65 2438.7674 2439.5069 45 5762.9769 

65 2443.3643 2444.1048 70 5772.1453 
70 2452.1180 2452.8605 70 5700.3839 

425 2506.8973 2507.6525 90 5793.0714 
375 2514.3161 2515.0730 100 5797.8591 
500 2516.1125 2516.8699 90 6125.0207 

350 2519.2023 2519.9604 100 6145.0151 
425 2524.1079 2524.8671 I 160 6155.1338 
450 2528.5086 2529.2689 160 6237.3199 
110 2532.3814 2533.1426 40 6238.2871 
85 2568.6407 2569.4104 125 6243.8129 

45 2577.1514 2577.9231 180 6254.1876 
190 2631.2819 2632.0664 45 6527.1989 

1000 2881.5792 2882.4245 45 6555.4624 
150 2987.6453 2988.5168 180 7003.566-5 
300 3905.5227 3906.6290 400 7289.1730 

chloride electrodeless-discharge lamp without carrier 
gas. The intensities are those of Radziemski and 
Andrew. 

Radziemski, L. J., Jr., and Andrew, K. L., J. Opt. Soc. Am. 55,474 
(1965). 

Kaufman, V., Radziemski, L. J., Jr .• and Andrew, K. L., J. Opt. Soc. 
Am. 56,911 (1966). 

Vacuum In- Air Vacuum 
wavelength ten- wave!ength wavelength 

A sity A A 

4104.0938 200 7409.0818 7411.1226 
4749.3215 275 7415.9462 7417.9888 
4756.6054 425 7423.4969 7425.5416 
4774.1192 100 7680.2668 7682.3807 
4784.3277 90 7918.3857 7920.5639 

4748.9876 120 7932.3490 7934.5310 
5007.4571 140 7944.0011 7946.1863 
5519.0677 60 8502.2207 8504.5567 
5667.1259 40 8536.1645 8538.5097 
5686.0616 120 8556.7803 8559.1311 

5692.0040 50 8648.4622 8.650.8378 
5702.6866 40 8728.0110 8730.4081 
5749.2612 75 8742.4509 8744.8519 
5755.8155 35 8790.3889 8792.8029 
5764.5752 120 10585.1412 10588.0414 

5773.7461 120 10660.9748 10663.8956 
5781.9869 60 10749.3837 10752.3285 
5794.6778 80 10786.8560 10789.8109 
5799.4668 130 10869.5408 10872.5181 
6126.7160 80 11017.9648 11020.9824 

6146.7158 
6156.8372 
6239.0454 
6240.0128 
6245.5401 

6255.9176 
6529.0022 
6557.2733 
7005.4980 
7291.1815 
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832 V .. KAUFMAN AND B. EDLEN 

Ar I 

The table contains 193 calculated wavelengths 
which have been selected from a comprehensive list 
by G. NorUm on the basis of his extensive interfero
metric measurements in the region from 3500 to 10000 
Jt Tn his rlerivation of level vallJf~l'l, Norlp.n lndnrlprl the 

precision measurements in the extraphotographic 
infrared by Humphreys and Paul and others in order 
to incorporate the levels of 5s and 3d (Paschen notation 
2s and 3d) in the level system. We have come to the 
conclusion that Norlen's data are significantly superior 
to earlier results and should replace the wavelengths and 
levels previously adopted by the International Astronomi
cal Union. There is a close agreement with the old data in 
the case of 4s-5p, but for the 4s4p transitions (the group 
of strong lines in the red) the new wavelengths are sys
tematically longer by an amount of the order of 0.001 A. 
This may partly be due· to the use of different wave
length standards. Norlen's standards consisted of 
SIlK!- I liut:s, including the priIIlary standard. His light 

source for the argon lines was a water-cooled hollow 
cathode, inner surface 26 cm 2, run at 0.5 .A. and a pres
sure of 0.2 torr. In a different light source the wave
lengths may be different by amounts that for some transi
tions could exceed the stated uncertainty. 

In- Air Vacuum lIn- Air 
ten- wavelength wavelength : ten- wavelength 
sity A A sity A 

15 3947.50.46 3948.6219 30 4522.3230 
50 3948.9789 3950.0965 3D 4596.0967 

100 4044.4179 4045.5604 15 4628.4409 
10 4045.9654 4047.1084 30 4702.3161 

5 4054.5258 4055.6710 12 5151.3907 

500. 4158.5905 4159.7630 25 5162.2846 
80. 4164.1795 4165.3535 35 5187.7462 
80. 4181.8836 4183.0621 5 5439.9891 

130. 4190..7129 4191.8938 20 5451.6520 
80 4191.0294 4192.2104 35 5495.8738 

300 4198.3170 4199.4999 5 5524.9570 
500 4200.6745 4201.8580 50 5558.7020 
300 4259.3619 4260.560.8 20 5572.5413 
200 1}-272.16S9 1}·273.3712 5 5500.7200 
150 4300.1008 4301.3104 60 5606.7330 

150 4333.5612 4334.7796 35 5650.7043 
60 4335.3379 4336.5568 18 5739.5196 
40 4345.1680 4346.3895 5 5802.0.798 

5 4363.7945 4365.0209 12 5834.2633 
150 4510.7332 4511.9984 20 5860.3103 

J. Phys. Chem. Ref. Data, Vol. 3, No.4, 1974 

Our list includes lines of _ the following transition 
arrays: 4s-np(n=4-5) , 4p-ns(n=5-7), 4p-nd(n= 3-6). 
In Paschen notation these are: Is-np(n= 2-3), 2p
ns (n = 2-4), 2p-nd (n = 3-6). The uncertainties for the 
selected lines, aspstimatprl hy Norlen, rangp a~ follows: 

, 6000 

800(}-10500 
1050(}-12000 
12000-15000 

>}5000 

0.0001-0.0003 

.0003- .0007 

.0006- .OOll 

.001l- .0019 

.0017- .OO3} 

The intensities have been obtained· by transforming 
those given in the n~ferences cited below onto a reason
ably uniform scale. 

Norlen, G., Phys. Ser. 8, 249 (1973). 
Meggers, W. F. and Humphreys, C. ]',1. Res. Nat. Bur. Stand. (U.S.) 

10, 427 (1933). 

Meggers, W. F., J. Res. Nat. Bur. Stand. (U.S.) 14,487 (1935). 
Humphreys, C. J. and Kostkowski, H. J., J. Res. Nat. Bur. Stand. 

(U.S.) 49, 73 (1952). 
HUUlphrt:yl:S, C. J. aJlu Paul, E., J. Opl. SOl:. Am. 49, 1186 (1959). 

Trans. Int. Astron. Union IX, 201 (1957); XIA/97 (1962); XIIB, 173 
(1966). 

Vacuum \ 
I In- Air Vacuum 

wavelength I t~n- wavelength wavelength 
A- SIty A A 

4523.5912 25 5882.6242 5884.2546 
4597.3844 40 5888.5841 5890.2160 
4629.7371 100 5912.0853 5913.7236 
4703.6319 5 5927.1258 5928.7680 
5152.8257 25 5928.8130 5930.4557 

5163.7225 10. 5942.6686 5944.3151 

5189.1909 15 5987.30.16 5988.9600 

5441.5011 12 5998.9987 6000.6603' 

5453.1671 10 6025.1500 6026.8185 

5497.4007 120 60.32.1274 6033.7978 
: 

5526.4917 60 6U43.:l:l33 6044.8967 

5560.2457 20 6052.7229 6054.3989 

5574.0887 35 6059.3725 6061.0502 
5590.2717 5 6090.7S48 6092.4709 
5608.2895 18 6098.80.31 6100.4914 

5652.2726 20. 610.5.6351 610.7.3252 
5741.1116 5 6127.4160 6129.1120 
-5803.6885 18 6145.4411 6147.1419 
5835.8807 10 6155.2385 6156.9420 

·5861.9346 15 6170..1740 6171.8814 



REFERENCE WAVELENGTHS .fROM ATOMIC SPECTRA 833 

Ar I-Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wavelength ten- wavelength wavelength ten- wavelength wavelength 
sity· A A sity A A sity A A 

20 6173.0964 6174.8046 30 7435.3683 7437.4162 200 11488.1091 11491.254~ 

18 6212.5031 6214.2219 40 7436.2970 7438.3451 200 11668.7098 11671.9040 
10 6215.9383 6217.6581 5 7471.1641 7473.2216 12 11719.4878 11722.6958 
15 6296.8722 6298.6136 3000 7503.8691 7505.9355 . 300 12112.3260 12115.6407 
20 6307.6570 6309.4013 2500 7514.6518 7516.7211 100 12139.7378 12143.0599 

5 6364.8937 6366.6534 5 7628.8818 7630.9819 150 12343.3932 12346.7707 
15 6369.5748 6371.3358 4000 7635.1060 7637.2078 400 12402.8269 12406.2205 
35 6384.7169 6386.4820 5 7670.0575 7672.1687 500 12439.3210 12442.7245 

120 6416.3071 6418.0806 2500 7723.7611 7725.8868 700 12487.6632 12491.0798 
5 6431.5550 6433.3327 2000 7724.2072 7726.3330 150 12702.2810 12705.7559 . 

3 6493.9694 6495.7638 10 7891.0750 7893.2459 75 12733.4182 12736.9015 
20 6604.8534 6606.6776 3000 7948.1764 7950.3627 40 12746.2322 12749.7190 

3 6632.0837 6633.9152 3000 8006.1567 8008.3587 300 12802.7391 12806.2413 
10 6660.6761 6662.5154 5000 8014.7857 8016.9900 60 12933.1954 12936.7330 
12 6664.0510 6665.8911 5 8046.1169 8048.3296 250 12956.6587 12960.2027 

150 6677.2817 . 6679.1254 10 8053.3085· 8055.5232 200 13008.2642 13011.8223 
8 6719.2184 6721.0733 3000 8103.6931 8105.9214 150 13213.9926 13217.6065 

200 6752.8335 6754.6975 6000 8115.3110 8117.5424 200. 13228.1067 13231.7245 
12 6756.1631 6758.0280 5 8119.1811 8121.4136 750 13272.6361 13276.2660 
20 6766.6117 6768.4794 1500 8264.5225 8266.7943 600 13313.2099 13316.8508 

8· 6827.2488 6829.1328 6 8384.7240 8387.0283 800 13367.1114 13370.7669 
200 6871.2891 6873.1850 3000 8408.2096 8410.5202 850 13504.1914 13507.8842 

12 6879.5824 6881.4805 4000 8424.6475 8426.9626 15 13544.2023 13547.9059 
10 6887.0881 6888.9882 3000 8521.4422 8523.7834 25 13573.6173 13577.3289 
18 6888.1742 6890.0746 15 8605.7762 8608.1403 55 13599.3334 13603.0521 

70 6937.6642 6939.5779 10 8620.4602 8622.8282 500 13622.6593 13626.3842 
15 6951.4776 6953.3951 800 8667.9442 8670.3250 300 13.678.5504 13682.2905 
15 6960.2500 6962.1698 6 8678.4083 8680.7920 .000 13718.5771 13722.3281 

1500 6965.4307 6967.3519 20 8761.6862 8764.0924 30 13825.7153 13829.4955 
70 7030~2514 7032.1901 10 8799.0875 8801.5038 12 . 13907.4775 13911.2799 

1500 7067.2181 7069.1667 6 9075.3945 9077.8856 120 14093.6399 14097.4929 
50 7068.7358 7070.6849 7000 9122.9674 9125.4713 7 14249.1936 14253.0889 
20 7107.4773 7109.4372 150 9194.6305 9197.1619 40 15030.513 15034.621 
15 7125.8200 7127.7844 3000 9224.4992 9227.0306 70 15046.504 15050.616 
10 7147.0416 7149.0117 100 9291.5313 9294.0809 5 15329.345 15333.534 

10 7158.8387 7160.8120 250 9354.2198 9356.7864 20 15989.490 15993.859 
50 7206.9804 7208.9667 4000 9657.7863 9660.4351 5 16180.021 16184.442 

500 7272.9359 7274.9400 900 9784.5028 9787~1860 20 16519.865 16524.377 
25 7311. 7159 7313.7304 400 10470.0535 ~0472.9225 10 16740.076 16744.649 
20 7316.0050 7318.0207 200 10673.5656 10676.4898 300 16940.584 16945.211 

50 7353.2930 7355.3188 10 10681.7728 10684.6992 12 18427.764 18432.796 
2000 7383.9805 7386.0145 5 10880.9424 10883.9229 4 19965.728 19971.179 

20 7392.9801 7395.0165 12 11078.8689 11081.9030 50 20616.228 20621.855 
12 7412.3368 7414.3785 8 11393.7018 11396.8214 
10 7425.2942 7427.3393 12 11441.8321 11444.9647 
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834 V. KAUFMAN AND B. EDLEN 

Arll 

The table consists of 404 lines from 2000 to 10923 A 
selected from a large list of wavelengths calculated 
by G. Norlen on the basis of his extensive interfero· 
metric measurements in the region 3464-8771 A. The 
light source was a water·cooled hollow cathode, emitting 
Ar I and Ar II simultaneously. The stated uncertainties 
for the selected lines are as follows: 

A(A) ~A(A) 

2000-3000 0.0001 
3000-5000 .0001-0.0002 
5000-7000 .0002- .0005 
7000-9000 .0004- .0007 

> 9000 .0006- .001l 

In· Air Vacuum In· Air 
ten· wave!ength wave!ength ten· wave!ength 
sity A A sity A 

2 1999.9989 2000.6470 3 2230.3197 
2 2003.9096 2004.5583 6 2234.6724 
2 2015.3168 2015.9675 3 2235.7591 
2 2023.1159 2023.7681 5. 2243.6597 
3 2025.1842 2025.8367 6 2252.2463 

3 2032.1778 2032.8316 3 2255.4067 

3 2042.3613 2043.0170 2 2263.0687 

4 2046.4930 2047.1494 3 ·2274.9262 

5 2050.7924 2051.4496 3 2275.3618 

5 2057.S12~ 2USH.1714 8 2282.6205 

3 2058.0837 2058.7422 4 2285.7998 
2 2063.7652 2064-4248 4 2286.9247 
4 2073.4253 2074.0868 3 2290.4249 

4 2079.6531 2080.3158 2 2305.8593 

2 2086.8119 2087.4759 7 2313.7194 

5 2103.3518 2104.0191 5 2317.7460 

2 2110.8965 2111.5653 3 2324.4270 

3 2119.9838 2120.6543 6 2354.1317 

4 2126.6643 2127.3362 4 2360.0592 

4 2129.4239 2130.0963 4 2371.7390 

3 2129.8088 2130.4813 3 2379.8621 

6 2151.0518 2151.7286 3 2387.9319 

2 2158.8832 2159.5615 2 2405.7805 
2 2162.2901 2162.9695 2 2408.2072 
5 2174.5839 2175.2654 5 2414.2218 

6 2187.3153 2187.9995 6 2420.4561 
4 2191.5787 2192.2638 2 2434.3602 
5 2195.4437 2196.1296 4 2459.9525 
2 2210.3171 2211.0061 3 24,70.3581 
6 2219.9624 2220.6534 5 21·79.0565 

J. Phys. Chern. Ref. Data, Vol. 3, No.4, 1974 

The intensities have been taken from Minnhagen's 
comprehensive description of Ar II. It should be noted 
that his scale is much contracted from a linear scale 
and that the relative intensities are often found to be 
rather different in the hollow cathode. 

Norlen, G.; Phys. Sera 8, 249 (i973) 
Minnhagen, L., Ark. Fys. 25,203 (1963). 

Vacuum In- Air 
wave!ength ten- wavelength 

A sity A 

2231.0130 5 2481.4746 
2235.3666 4 2482.1504 
2236.4535 4 2491.0346 
2244.3558 3 2497.2223 
2252.9443 4 2499.5263 

2256.1054 4 2501.8362 
2263.7690 4 2503.9347 
2275.6291 4 2512.2576 
2276.0648 4 2515.5935 
2283.3250 6 2516.7887 

2286.5050 4 2522.4985 
2287.6302 7 2S34.70RR 
2291.1311 7 2536.0150 
2306.5689 6 2544.6841 
2314.4307 3 2549.7872 

2318.4582 6 2562.0866 
2325.1407 4 2564.4165 
2354.8520 4 2570.4]08 
2360.7808 3 2600.9600 
2372.4633 3 2616.8118 

2380.5882 2 2649.6U14 
2388.6598 2 2686.3230 
2406.5124 5 2692.5945 
.2408.9397 2 2741.0679 
2414.9557 4 2764.6461 

2421.1914 4 2769.7387 
2435.0986 5 2806.1672 
2460.6968 4 2844.1289 
2471.1048 3 2874.5819 
21·79.8052 18 2891.6125 

Vacuum 
wavelength 

A 

2482.2239 
2482.8999 
2491. 7861 
2497.9753 
2500.2798 

2502.5902 
2504.6892 
2513.0141 
2516.3508 
2517.5462 

2523.2574 
2S35.4705 
2536.7770 
2545.4482 
2550.5524 

2562.8547 
2565.1852 
2S7L lR09 
2601. 7373 
2617.5929 

2650.3903 
2687.1207 
2693.3938 
2741.8788 
2765.4628 

2770.5566 
2806.9940 
2844.9649 
2875.4255 
2892.4602 



REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 835 

Ar 11- Continued 

In- Air Vacuum In- Air Vacuum 
I' 

In- Air Vacuum 
ten- wavelength wave!ength ten- wavelength wave!ength ten- wave!ength wave!ength 
sity A A sity A A sity A A 

10 2896.7463 2897.5954 10 3509.7785 3510.7824 10 3830.3941 3831.4809 
9 2931.4809 2932.3385 20 3514.3877 3515.3927 6 3841.5187 3842.6084 
8 2932.5903 2933.4482 ! 15 3519.9936 3521.0001 10 3845.4055 3846.4962 

) 

20 2942.8933 2943.7538 12 3521.2601 3522.2669 30 3850.5813 3851.6733 
10 2955.3884 2956.2520 18 3535.3196 3536.3300 20 3868.5284 3869.6251 

15 2979.0503 2979.9197 18 3545.5956 3546.6086 11 3872.1371 3873.2347 
9 3000.4450 3001.3198 15 . 3548.5144 3549.5282 12 3875.2645 3876.3630 
6 3014.4822 3015.3604 7 3556.9041 3557.9201 6 3880.3332 3881.4330 
8 3028.9137 3029.7956 25 3559.5081 3560.5247 12 3891.4017 3892.5043 

10 3033.5083 3034.3913 20 3561.0304 3562.0474 15 ~Rql_q7q2 ~R93_0R20 

I 

3566.0479 10 3093.4019 3094.2999 I 12 3565.0298 II 3900.6266 3901. 7316 
12 3139.0176 3139.9271 I 25 3576.6156 3577.6366 10 3911.5760 3912.6839 

7 3161.3726 3162.2877 18 3581.6084 3582.6307 12 3914.'Io7!:> 3915.8762 
15 3169.6685 3170.5856 20 3582.3546 3583.3772 10 3925.7188 3926.8304 
12 3181.0376 3181.9576 ! 30 3588.4407 3589.4648 25 3928.6233 3929.7356 

'9 3194.2307 3195.1541 12 3605.8792 . 3606.9078 12 3931.2359 3932.3490 
9 3204.3210 3205.2470 12 3622.1375 3623.1703 15 3932.5466 3933.6600 
9 3212.5186 3213.4466 10 3637.0310 3638.0676 15 3944.2717 3945.3881 
7 3221.6253 3222.5556 12 3639.8329 3640.8702 12 3946.0971 3947.2140 
6 3236.8106 3237.7448 7 3650.8896 365L9298 9 3952.7291 3953.8477 

14 3243.6887 3244.6246 12 3655.2782 3656.3196 20 3968.3594 3969.4821 
15 3249.800~ 3250.7378 10 3660.4370 3661.4797 10 3974.4766 3975.6009 
12 3263.5712 3264.5121 9 3669.6024 3670.6475 9 3974.7590 3975.8834 
6 3273.3172 3274.2606 10 3678.2701 3679.3174 12 3979.3559 3980.4815 

12 3281.7016 3282.6472 9 3680.0609 3681.1087 9 3988.1576 3989.2854 

10 3293.6403 3294.5889 7 3682.5448 3683.5932 12 3992.0535 3993.1824 
9 3307.2283 3308.1804 6 3709.9088 3710.9643 10 3994.7919 3995.9215 

12 3350.9243 3351.8875 6 3714.7337 3715.7904 25 4013.8566 4014.9911 
6 3361.7448 3362.7108 12 3718.2065 3719.2641 12 4033.8093 4034.9491 
6 3366.5801 3367.5473 9 3720.4265 3721.4847 12 4035.4600 ·4036.6002 

12 3376.4359 3377.4056 8 3724.5165 3725.5757 15 4038.8043 4039.9454 
10 3388.5309 3389.5037 30 3729.3087 3730.3692 15 4042.8937 4044.0359 

5 3397.8958 3398.8709 6 3746.4476 3747.5125 12 4052.9207 4054.0655 
4 3414.4583 3415.4377 6 3754.0498 3755.1167 25 4072.0047 4073.1545 
8 3421.6107 . 3422.5920 12 3763.5053 3764.5747 12 4072.3849 4073.5348 

7 3429.6147 3430.5980 11 3766.1186 3767.1887 12 4076.6284 4077.7794 
9 3430.4153 3431.3988 25 3780.8398 3781.9137 9 4076.9432 4078.0943 

12 3454.0952 3455.0848 12 3786.3824 3787.4577 12 4079.5738 4080.7255 
10 3464.1272 3465.1193 8 3796.5934 3797.6714 15 4082.3872 4083.5397 
20 3476.7474 3477.7428 10 3799.3820 3800.4607 8 4112.8153 4113.9757 

9 3480.5055 3481.5018 10 3803.1724 3804.2521 9 4128.6400 4129.8046 
8 3490.8733 3491.8723 11 3808.5748 3809.6559 15 4131. 7235 4132.8890 

20 3491.2439 3492.2430 5 3719.0159 3820.0997 12 4156.086() 4157.2578 
25 3491.5360 3492.5351 8 3825.6729 3826.7585 12 4178.3658 4179.5435 
7 3499.4765 3500.4777 12 3826.8072 3827.8930 10 4189.6511 4190.8317 
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836 V. KAUFMAN AND B. EDLEN 

Ar 11- Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength 'wavelength ten- wavelength wavelength ten- wavelength wavelength 
sity A A sity A A sity A ' A 

12 4201.9715 4203.1554 25 4545.0519 4546.3261 3 5378.0787 5379.5741 
11 4203.4109 4204.5951 4 4547.7589 4549.0338 5 5384.3752 5385.8724' 
9 4217.4308 4218.6187 7 4563.7429 4565.0221 8 5402.6048 5404.1068 

11 4218.6649 4219.8531 7 4564.4054 4565.6847 5 5443.6893 5445.2023 
10 4222.6373 4223.8266 25 4579.3494 4580.6327 8 5498.1841 5499.}116 

5 4226.6089 4227.7992 25 4589.8978 4591.1839 7 5500.3324 5501.8605 
10 4226.9876 4228.1780 10 4598.7627 4600.0511 4 5507.7629 5509.2929 
20 4228.1580 4229.3488 25 4609.5673 4610.8585 4 -5519.3436 5520.8768 

8 4229.8696 4231.0608 12 4637.2328 4638.5313 8 5577.6846 5579.2333 
12 4237.2198 4238.4129 25 4657.9012 4659.2053 8 5691.6611 5693.2404 

4 4255.6034 4256.8013 10 4682.2759 4683.5864 5 5724.3248 5725.9128 
25 4266.5271 4267.7279 7 4710.8238 4712.1418 3 5756.5983 5758.1949 

8 4275.1596 4276.3627 12 4721.5910 4722.9119 5 5786.5553 5788.1600 
20 4277.5282 4278.7319 25 4726.8683 4728.1906 6 5812.7592 5814.3708 

, 12 4300.6495 4301.8593 12 4732.0532 4733.3769 3 5828.0739 5829.6896 

8 4309.0934 4310.3054 25 4735.9058 4737.2305 7 5843.7775 ' 5845.3974 
9 4309.2391 4310.4512 25 4764.8646 4766.1969 3 5886.0977 5887.7290 

25 4331.1995 4332.4174 6 4792.0819 4793.4215 6 5950.9031 5952.5517 
15 4332.0297 4333.2478 ' 35 4806.0205 4807.3638 4 5978.0021 5979.6580 
8 4337.0708 4338.2902 - 25 4847.8095 4849.1639 7 5985.9142 5987.5722 

50 4348.0640 4349.2863 5 4867.5560 4868.9156 4 6019.4970 6021.1640 
IS 4352.2049 4353.4282 30 4879.8635 4881.2264 5 6027.2513 6028.9204 
10 4367.8316 4369.0591 15 4889.0422 4890.4075 8 6046.8977 6048.5720 
15 4370.7532 4371.9814 12 4904.7516 4906.1211 6 6049.0751 6050.7501 
20 4371.3290 4372.5574 25 4933.2091 4934.5861 6 6077.4297 6079.1122 

6 4374.8579 4376.0872 6 4942.9214 4944.3010 
I 

3 6101.9194 6103.6085 
20 4379.6668 4380.8974 5 4949.3979 4950.7793 12 6103.5390 6105.2286 

I 
8 4383.7535 4384.9851 25 4965.0795 4966.4650 50 6114.9234 6116.6160 

10 4385.0566 4386.2886 15 4972.1597 4973.5471 4 6118.7225 6120.4161 
20 4400.9863 4402.2225 30 5009.3344 5010.7316 5 6120.0941 6121. 7882 

5 4404.9022 4406.1394 20 5017.1628 5018.5621 15 6123.3619 6125.0567 
12 4420.9124 4422.1538 10 5017.6340 5019.0335 12 6138.6559 6140.3549 
25 4426.0011 44.27.2439 I 30 5062.0371 5063.4484 40 6172.2778 6173.9858 
20 4430.1890 4431.4329 10 5090.4951 5091.9139 3 6174.4032 6176.1118 
15 4430.9963 4432.2404 8 5125.7655 5127.1937 6 6187.1350 6188.8470 

10 4433.8380 4435.0829 20 5141.7827 5143.2152 6 6201.1002 6202.8159 
7 4439.4614 4440.7078 25 5145.3083 5146.7417 7 6239.7121 6241.4382 
8 4448.8792 4450.1280 8 5165.7728 5167.2116 25 6243.1201 6244.8471 

12 4460.5574 4461.8094 
J 

10 5176.2292 5177.6709 3 6375.9549 6377.7176 
10 4474.7594 4476.0150 1 8 5216.8139 5218.2663 15 6399.2065 6400.9755 

I 
15 - 4481.8107 4483.0682 6 5264.7824 5266.2477 8 6437.6003 6439.3795 
8 4490.9816 4492.2415 15 5286.8870 5288.3581 20 6483.0825 6484.8739 
7 4498.5384 4499.8003 6 5305.6880 5307.1642 12 6500.2156 6502.0117 
7 4530.5523 4531.8226 5 5308.0709 5309.5477 6 6509.1000 6510.8985 
6 4535.4903 4536.7620 2 5359.0660 5360.5564 6 6614.3475 6616.1742 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 837 

Ar 11- Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wavelength ten- wavelength wavelength ten- wavelength wavelength 
sity A A sity A A sity A A 

6 6620.9665 6622.7950 5 7077.0237 7070.9750 2 8754.'0102 8756.4144 
50 6638.2207 6640.0539 4 7121.7368 7123.7001 15 8771.8602 8774.2692 
30 6639.7403 6641.5739 15 7233.5365 7235.5300 3 8926.0755 8928.5262 

100 6643.6976 6645.5322 2 7280.4539 7282.4600 7 9017.5912 9020.0667 
15 6666.3588 6668.1996 4 7284.2325 7286.2396 4 9279.7085 9282.2550 

50 6684.2929 6686.1385 7 7348.0530 7350.0773 4 9475.2493 9477.8486 
20 6756.5525 6758.4175 2 7428.5787 7430.6248 3 9508.4513 9511.0596 

3 6799.2913 6801.1678 4 7440.4934 7442.5426 2 9739.7703 9742.4413 
9 6808.5312 6810.4101 2 7654.0310 7656.1379 5 9906.3907 9909.1069 
8 6818.3841 6820.2657 2 8017.5274 8019.7324 3 10110.6681 10113.4396 

15 6861.2688 6863.1619 3 8165.3937 8167.6387 20 10467.1771 10470.0453 
20 6863.5350 6865.4288 2 8327.9001 8330.1890 12 10812.8956 10815.8576 
20 6886.6125 6888.0120 2 8345.1712 8347.4648 3 10829.4575 10832.4240 

5 6990~1l24 6992.0402 2 8376.0777 8378.3796 7 10923.4426 10926.4346 
3 7054.9873 7056.9326 6 8604.0163 8606.3799 
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838 V. KAUFMAN AND 8. EDLEN 

Fe I 

For many years the iron arc in air was the only source 
of internationally adopted wavelength standards. In 
1955 a final list was published by Edlen, comprising 
about one thousand Fe I wavelengths calculated on 
the basis of the combination principle from all preci
sion measurements made up to that time. At about the 
same time there appeared the first extensive measure
ments of iron wavelengths emitted from low-pressure 
sources, either hollow cathodes or microwave-excited 
electrodeless lamps. These sources are now prac
tically the only ones used for producing iron standards. 
Crosswhite et a1. describe a sealed-off hollow-cathode 
discharge tube with i~on electrodes and neon carrier 
gas at about 3 torr. This gives an iron spectrum with 
very sharp lines. The pressure shift in the atmospheric 
arc makes the arc wavelengths syst'ematically longer. 
The difference increases roughly as A 2 from about 0.0006 
A at 2100 A for most of the lines and is about twice as 
large for transitions from the high even levels (see Trans. 
I.A.U. X). 

The present list consists of 684 Fe I wavelengths 
from 2084 A to 5763 A calculated from a system of 
energy levels that was derived by H. M. Crosswhite in 
1964 (unpublished) by using all available measurements 
on low-pressure sources. Wavelengths longer than 2250 
.A were taken directly from an unpublished, compre
hensive list of lines from a Fe-Ne hollow cathode, com-

In- Air Vacuum In- Air 
ten- wavelength wavelength ten- wavelength 
sHy A A sHy A 

(50) 2084.1212 2084.7847 (4) 2132.0169 
(?5) 2087_5109 2088.1750 (5) 2153.0063 
(30) 2090.3832 2091.0479 (5) 2157.7945 
(20) 2090.8546 2091.5194 (5) 2161.5794 
(40) 2093.6849 2094.3502 (7) 2164.5488 

(25) 2098.9387 2099.6050 (40) 2171.2970 
(30) 2100.7978 2101.4646 (6) 2172.5851 
(30) 2102.3536 2103.0206 (0) 2173.2138 
(20) 2102.9104 2103.5775 

I 

(6) 2176.8406 
(25) 2103.0530 2103.7202 (5) 2186.8925 

(20) 2106.2600 2106.9278 (40) 2187.1945 
(25) 2106.3948 2107.0626 (10) 2191.2043 
(12) 2108.1365 2108.8047 (50) 2196.0421 
(12) 2100.3019 2108.9701 (6) 2207.0684 
(30) 2108.9591 2109.6274 (9) 2210.6887 

(25) 2112.9688 2113.6379 (7) 2211.2361 
(20) 2113.0869 2113.7561 (10) 2228.1715 
(25) 2114.5997 2115.2691 (5) 2229.0729 
(20) 2115.1693 2115.8388 (15) 2231.2131 

(5) 2119.1362 2119.8066 15 ( ) 2242.5718 
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piled at lohns Hopkins University in 1965. When 
calculating the wavelengths below 2250 A we have 
added to Crosswhite's list the levels w sP1 = 46 410.377 
cm-1 and v sP3 = 47 966.583 cm-1 obtained by adding 
the appropriate correction to the arc-in-air values or" 
Edlen. The uncertainties are probably less than 0.0010 
A everywhere and should decrease to less than 0.0003 

. A for the shortest wavelengths. 
The intensities have been taken from N .B.S. Mono

graph 32 whenever possible, and for the rest we quote 
(in parentheses) the figures given by Russell and 
Moore. The two scales are very roughly equal for the 
short wavelengths up to about 3700 .A; from 3700 to 
4500 A the figures of Russell and Moore are generally 
larger by a factor 2 to 5, and this factor may increase to 
10 for the longest wavelengths. 
Edlen, B., Trans. Int: Astron. Union IX, 218-224 (1957). 
Stanley, R. W., and Dieke, G. H., J. Opt. Soc. Am. 45, 280 (1955). 
Blackie, J., and Littlefield, T. A., Proc. R. Soc. A 234, 398 (1956). 
Stanley, R. W., and Meggers, W. F., J. Res. Nat. Bur. Stand. (U.S.) 

58,41 (1957). 
Crosswhite, H. M., Dieke. G. H., and Legagneur, C. S., J. Opt. Soc. 

Am. 45, 270 (1955). 
Trans. Int.'Astron. Union X, 215 (1960); XIA, 100-105 (1962). 
Meggers, W. F., Corliss, C. H., and Scribner, B. F., Nat. Bur. Stand. 

Monograph 32 (1961); Corliss, C. H., NBS Monogr. 32 Supplement 
(1967) . 

Russell, H. N., and Moore. C. E., Trans. Am. Phil. Soc. 34, 113-179 
(1944). 

Vacuum In- Air Vacuum 
wavelength ten- wavelength wavelength 

A sity A A 

2132.6899 
j 

(15) 2245.6529 2246.3494 
2153.6839 (10) 2250.7904 2251.4880 
2158.4727 (12) 2251.8739 22'52.5717 
2162.2583 (15) 2259.5106 2260.2101 
2165.2283 (20) 2265.0543 2265.7550 

2171.9779 (9) 2267.0847 2267.7859 

2173.2662 (18) 2270.8619 2271.5638 

2173.0951 (15) 2272.0696 2272.7718 

2177.5226 (12) 2276.0258 2276.7289 

2187.5766 (12) 2283.6551 2284.3599 

2187.8787 (40) 2284.0857 2284.7905 

2191.8893 (30) 2287.2498 2287.9553 

2196.7281 (30) 2292.5240 2293.2306 
2207.7567 (25) 2293.8478 2294.5548 

2211.3778 (15) 2296.9269 2297.6345 

2211.9253 (35) 2297.7870 2298.4948 
2228.8643 (10) 2298.1693 2298.8772 
2229.7658 (25) 2299.2201 2299.9283 
2231.9065 (30) 2300.1416 2300.8499 
2243.2677 20 ( ) 2301.6839 2302.3925 



REFERENCE .WAVELENGTHS FROM ATOMIC· SPECTRA 839 

Fe 1-Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wave!ength ten- wave!ength wavelength ten- wave!ength wavelength 
sity A A sity A A shy A A 

(20) 2303.5810 2304.2900 70 2535.6074 ·2536.3693 2 2764.3230 2765.1396 
(4) 2306.3823 2307.0920 (7) 2539.3566 2540.1194 2 2766.9096 2767.7268 

(30) 2308.9990 2309.7093 80 2540.9719 2541.7350 18 2767.5222 2768.3396 
(40) 2313.1041 2313.8153 80 2545.9785 2546.7429 15 2778.2205 2779.0405 
(40) 2320.3579 2321.0707 65 2549.6132 2550.3784 4 2781.8355 2782.6563 

(8) 2369.4558 2370.1795 10 2576.6907 2577.4623 2 2789.8019 2790.6247 
(15) 2371.4305 2372.1547 . 8 2605.6566 2606.4351 3 2791.7856 2792.6088 
(20) 2373.6245 2374.3492 16 2606.8269 2607.6056 2 2795.0054 2795.8294 
(10) ·2374.5182 2375.2430 12 2618.0183 2618.7997 15 2804.5206 2805.3469 
(25) 2389.9728 2390.7012 8 2632.2369 2633.0216 42 2813.2866 2814.1151 

(4) 2429.8150 2430.5524 16 2635.8092 2636.5948 2 2817.5036 2818.3331 
5 2443.8721 '2444.6127 6 2641.6456 2642.4326 50 2823.2760 2824.1069 
6 2453.4756 2454.2185 12 2643.9980 2644.7855 3 2825.6874 2826.5190 

18 2457.5978 2458.3416 3 2647.5575 2648.3459 3 2828.8082 2829.6405 
11 2462.1808 2462.9257 3 2662.0562 2662.8480 32 2832.4358 2833.2690 

70 2462.6472 2463.3921 10 . 2666.8123 2667.6054 3 2835.4565 2836.2905 
14 2465.1487 2465.8942 18 2679.0622 2679~8582 10 2838.1193 2838.9539 
4 2467.7321 2468.4782 12 2689.2125 2690.0109 3 2840.4220 2841.2572 

14 24~8.8795 2469.6258 8 2699.1064 2699.9072 9 2843.6307 2844.4666 
22 2474.8139 2475.5617 6 2706.0121 2706.8146 26 2843.9766 2844.8126 

7 2479.4801 2480.2289 18 2706.5822 2707.3848 7 2845.5945 2846.4309 
100 2479.7761 2480.5250 7 2708.5712 2709.3742 2 2848.7139 2849.5511 
280 2483.2713 2484.0210 8 2711.6554 2712.4592 38 2851.7968 2852.6347 

7 2486.6914 2487.4419 260 2719.0275 2719.8331 5 2863.4292 2864.2700 
9 2487.0659 2487.8165 120 2720.9026 2721.7087 4 2863.8635 2864.7044 

4 2487.3696 2488.1203 70 2723.5778 2724.3845 3 2866.6249 2867.4665 
260 2488.1426 2488.8934 8 2724.9531 2725.7601 8 2869.3075 2870.1497 
180 2489.7503 2490.50]5 6 2728.0197 2728.8275 !> 2872.3338 2873.1768 
180 2490.6441 2491.3955 5 2728.8196 2729.6275 10 2874.1725 2875.0159 
140 2491.1547 2491.9062 70 2733.5807 2734.3898 5 2877.3007 2878.1449 

14 2496.5333 2497.2861 3 2734.0053 2734.8145 1 2887.8048 2888.6516 
90 2501.1323 2501.8861 3 2734.2676 2735.0769 8 2894.5038 2895.3523 

4 2501.6935 2502.4475 28 27R5.4751 2736.2847 4 2895.0347 2895.8833 
10 2507.8999 2508.6553 70 2737.3096 2738.1196 4 2899.4152 2900.2649 
90 2510.8348 2511.5909 8 2742.2542 2743.0654 20 2912.1574 2913.0103 

7 2512_~n49 2513.1213 55 2742.4055 2743.2168 5 2920.6900 2921.5449 
9 2517.6615 2518.4192 5 2743.5651 2744.3766 5 2923.8528 2924.7085 

70 2518.1020 2518.8597 30 2744.0679 ,2744.8795 20 2929.0072 2929.8642 
6 2519.6292 2520.3874 6 2744.5274 2745.3392 80 2936.9034 2937.7623 

28U 2522.8494 2523.6083 70 2750.1405 2750.9537 13 2941.3426 2942.2027 

50 2524.2927 2525.0519 3 2750.8735 2751.6868 80 2947.8759 2948.7376 
140 2527.4349 2528.1949 4 2754.0324 2754.8465 4 2948.4329 2949.2947 
50 2529.1348 2529.8952 24 2756.3284 2757.1430 60 2953.9399 2954.8031 
16 2529.8357 2530.5963 8 2757.3157 2758.1306 32 2957.3644 2958.2284 
7 2530.6872 2 4480 1 531. 6 2762.0264 2762.8424 170 2966.8982 2967.7646 
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840 V. KAUFMAN. AND 8. EDLEN 

Fe 1-Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wavelength ten- wavelength wavelength ten- wavelength wavelength 
sity A A sity A A sity A A 

8 2969.4743 2970.3414 40 3067.2441 3068.1355 13 3265.6166 3266.5580 
60 2973.1322 2974.0002 (8) 3068.1732 3069.0649 15 3270.9997 3271.9425 

120 2973.2352 2974.1032 34 3075.7193 3076.6128 (5) 3284.5872 3285.5335 
1 2976.1282 2976.9969 24 3083.7413 3084.6368 (8) 3292.0207 3292.9688 
1 2980.5341 2981.4039 20 3091.5769 3092.4745 (8) 3292.5893 3293.5376 

28 2981.4451 2982.3151 (6) 3098.1891 3099.0883 (6) 3298.1316 3299.0814 
140 2983.5698 2984.4403 (20) 3099.8951 3100.7947 (5) 3307.2331 3308.1852 

1 . 2986.4557 2987.3270 (15) 3099.9679 3100.8675 (7) 3314.7412 3315.6952 
12 2987.2902 2988.1617 26 3100.3031 3101.2028 (5) 3328.8658 3329.8233 
5 2990.3913 2991.2635 26 3100.6651 3101.5649 (6) 3337.6642 3338.6240 

120 2994.4269 2995.3002 (6) 3119.4944 3120.3989 (6) 3340.5643 3341.5248 
1 2996.3850 2997.2587 (10) 3134.1097 3135.0179 (6) , 3347.9251 3348.8875 

36 2999.5118 3000.3863 (6) 3142.4536 ~14~_~6~Q 6 :\:\!i!i_ 2275 ~:\56.1918 

5 3000.4508 3001.3255 (10) 3151.3519 3152.2645 12 3370.7829 3371. 7512 
110 3000.9477 3001.8226 (8) 3157.0358 3157.9498 (6) 3378.6785 3379.6488 

10 3003.0302 3003.9055 (10) 3160.6575 3161.5725 (6) 3379.0184 3379.9887 
4 3007.1452 3008.0216 (8) 3161.9467 3162.8620 (8) 3380.1097 3381.0803 

10 3007.2823 3008.1588 (6) 3166.4353 3167.3517 8 3383.9785 3384.9502 
28 3009.5689 3010.4460 7 3175.4454 3176.3641 7 3392.3037 3393.2775 

5 3011.4817 3012.3592 (10) 3178.0133 3178.9326 15 3392.6514 3393.6252 

8 3016.1815 3017.0602 14 3180.2236 3181.1434 22 3399.3335 3400.3090 
20 3017.6272 3018.5062 6 3184.8947 3185.8157 (6) 3401.5184 3402.4945 
18 3018.9826 3019.8620 7 3191.6591 3192.5819 15 3404.3535 3405.3304 
60 3020.4907 3021.3704 11 3193.2258 3194.1490 30 . 3407.4585 3408.4361 

280 3020.6391 3021.5189 24 3196.9281 3197.8522 23 3413.1312 3414.1103 

160 3021.0727 3021.9526 11 3205.3985 3206.3248 15 3417.8408 3418.8211 
26 3024.0325 3024.9131 (8) 3210.2293 3211.1568 8 3422.6563 3423.6378 
18 3025.6384 3026.5194 7 3210.8280 3211. 7556 16 3424.2840 3425.2660 
38 3025.8425 3026.7235 15 3211.9859 3212.9138 7 3426.6285 3427.6110 
18 3026.4614 3027.3426 6 3214.3956 3215.3241 32 3427.1192 3428.1019 

19 3030.1484 3031.0306 7 3215.9380 3216.8669 8 3428.1925 3429.1755 
19 3031.2144 3032.0969 5 3217.3770 3218.3063 400 3440.6058 3441.5919 
19 3031.6336 3032.5161 12 3219.5827 3220.5125 80 3440.9887 3441.9749 
95 3037.3887 3038.2726 (5) 3228.2490 3229.1810 40 3443.8762 3444.8632 
17 3040.4271 3041.3119 (6) 3230.2076 3231.1401 16 3445.1487 3446.1360 

7 3041.6372 3042.5222 7 3230.9631 3231.8958 5 3447.2776 3448.2655 
12 3041.7384 3042.6234 7 3233.9675 3234.9010 8 3450.3286 3451.3173 
6 3042.0192 3042.9043 (7) 3234.6130 ,3235.5466 8 3451.9144 3452.9035 

19 3042.6644 3043.5497 (8) 3236.2222 3237.1562 8 3452.2751 3453.2642 
(5) 3045.0783 3045.9642 22 3244.1869 3245.1230 60 3465.8603 3466.8529 

130 3047.6043 3048.4909 (8) 3246.0047 3246.9412 (6) 3471.3435 3472.3375 
6 3055.2620 3056.1505 (10) 3248.2047 3249.1417 80 3475.4500 3476.4451 

65 . 3057.4456 3058.3346 (8) 3251.2335 3252.1713 32 3476.7016 3477.6970 
100 3059.0856 3059.9750 (8) 3257.5923 3258.5317 80 3490.5737 3491.5727 

(8) 3067.1182 3068.0096 (8) 3265.0465 3265.9879 6 3495.2867 3496.2868 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 841 

Fe 1-Continued 

In- Air Vacuum In- Air Vacuum Ii In- Air Vacuum 
ten- wavelength wavelength ten- wavelength wavelength ten- wave!ength wavelength 
sity A A sity A A sity A A 

24 3497.8404 3498.8412 8 3659.5164 3660.5589 
I 

48 3799.5469 3800.6256 
6 3506.4977 3507.5008 16 3669.5210 3670.5661 3 3807.5370 3808.6178 

40 3513.8173 3514.8222 (6) 3676.3115 3677.3584 32 3812.9641 3814.0463 
36 3521.2608 3522.2677 20 3677.6288 3678.6760 (5) 3814.5227 3815.6054 
10 3526.0405 3527.0485 65 3679.9132 3680.9610 160 3815.8397 3816.9227 

13 3526.1656 3527.1737 16 3682.2425 3683.2909 500 3820.4251 3821.5093 
8 3533.1986 3534.2085 11- 3683.0545 3684.1030 7 3821.1788 3822.2632 

20 3536.5558 3537.5666 11 3684.1068 3685.1557 80 3824.4436 3825.5288 
24 3541.0832 3542.0951 13 3685.9983 3687.0476 320 3825.8805 3826.9661 
22 3542.0752 - 3543.0874 80 3687.4564 3688.5061 130 3827.8226 3828.9087 

(5) 3545.6403 3546.6534 24 3694.0078 3695.0592 3 3833.3083 3834.3958 
6 3553.7390 3554.7541 30 3701.0865 3702.1397 130 3834.2222 3835.3100 

28 3554.9247 3555.9402 8 3704.4617 3705.5158 4 3839.2567 3840.3458 
(7) 3556.8785 3557.8945 80 3705.5657 3706.6201 80 3840.4372 3841.5266 
65 3558.5148 3559.5312 (20) 3707.8215 3708.8765 80 3841.0475 3842.1371 

160 3565.3786 3566.3967 (0) 3707.9195 3700.9745 6 3843.2563 3044.3465 
400 3570.0971 3571.1165 85 3709.2459 3710.3013 6 3846.8002 3847.8913 

(6) 3571.9961 3573.0160 600 3719.9346 3720.9927 7 3850.8174 3851.9095 
(5) 3582.1995 3583.2220 80 3722.5625 3723.6213 2 3852.5729 3853.6654 
13 3584.6604 358~.6836 8 3724.3768 3725.4361 85 3856.3717 3857.4652-

36 3585.3189 3586.3422 75 3727.6187 3728.6788 6 3859.2117 3860.3060 
30 3585.7052 3586.7286 12 3732.3960 3733.4573 420 3859.9114 386L0058 
40 3586.9840 3588.0077 70 3733.3169 3734.3785 34 3865.5230 3866.6190 

7 3589.1050 3590.1293 700 3734.8636 3735.9256 2 3867.2152 3868.3116 
8 3594.6331 3595.6588 (6) 3735.3239 373~.3860 34 3872.5009 3873.5987 

16 3603.2043 3604.2323 340 3737.1313 3738.1938 4 3873.7608 3874.8589 
32 3606.6797 3607.7085 7 3738.3058 3739.3687 50 3878.0176 3879.1168 

200 3608.8587 3609.8881 60 3743.3616 3744.4258 85 3878.5730 3879.6723 
(8) 3612.0679 3613.0982 240 3745.5608 3746.6256 3 3885.5095 3886.6107 
13 3617.7879 3618.8196 60 3745.8989 3746.9638 180 3886.2820 3887.3833 

200 3618.7676 3619.7995 (6) 3746.9270 3747.9921 35 3887.0477 3888.1492 
24 3621.4616 3622.4943 140 3748.2617 3749.3272 35 3888.5134 3889.6153 
16 3622.0042 3623.0370 400 3749.4847 3750.5504 4 3893.3909 3894.4941 

5 3625.1414 3626.1750 7 3753.6108 3754.6776 35 3895.6558 3896.7596 
(7) 3631.0961 3632.1312 300 3758.2324 3759.3005 4 3897.8900 3898.9944 

200 3631.4629 3632.4981 2 3760.5317 3761.6003 4 3898.0088 3899.1132 
8 3632.0410 3633.0763 170 3763.7885 3764.8580 I 55 3899.7073 3900.8121 

13 3638.2978 3639.3348 120 3767.1914 3768.2618 55 3902.9452 3904.0509 
22 3640.3892 3641.4268 1 3774.8243 3775.8967 2 3903.8990 3905.0049 
6 3645.8212 .3646.8602 1 3776.4522 3777.5249 14 3906.4794 3907.5859 

160 3647.8424 3648.8819 46 3787.8800 3788.9557 2 3916.7308 3917.8400 
(5) 3649.3029 ~650.~427 6 3790.0923 3791.1686 4 3917.1802 3918.2896 
16 3649.5064 3650.5463 65 3795.0017 3796.0793 3 3918.6419 3919.7517 
(5) 3650.2793 3651.3194 6 3797.5180 3798.5962 36 3920.2577 3921.3679 
30 3651.4674 3652.5078 32 3798.5107 3799.5892 55 3922.9115 3924.0223 
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842 V. KAUFMAN AND B. EDLEN 

Fe 1-Continued 
l 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wavelength ten- wavelength wavelength ten- wavelength wavelength 
sity A A shy A A sity A A 

(6) 3925.9405 3927.0522 (7) 4136.9973 4138.1641 (5) 4367.5781 4368.8056 
7U 3927.9197 3929.0319 B 4143.4151 4144.5836 1 4369.7707 4370.9988 
75 3930.2962 3931.4090 40 4143.8688 4145.0374 6 4375.9294 4377.1590 
2 3940.8770 3941.9925 2 4147.6687 4148.8384 170 4383.5445 4384.77~1 
1 3942.4390 3943.5550 (10) 4153.8985 4155.0697 85 4404.7499 4405.9871 

4 3948.774() 3949.8916 4 4154.4996 4155.6710 (5) 4407.7081 4408.9461 
4 3949.9527 3951.0707 (9) 4154.8045 4155.9760 (6) 4408.4140 4409.6522 
3 3951.1636 3952.2819 4 4156.7989 4157.9709 48 4415.1222 4416.3622 
2 3952.6014 3953.7200 (5) 4170.9008 4172.0765 (6) 4422.5670 4423.8089 
4 3956.4544 3957.5740 (5) 4172.1218 4173.2979 6 4427.3088 4428.5520 

4 3966.0610 3967.1832 (5) 4174.9121 4176.0888 (6) 4430.6142 4431.8583 
3 3967.4198 3968.5423 4 4175.6355 4176.8125 5 4442.3379 4443.5851 

55 3969.2570 3970.3800 8 4181.7544 4182.9330 2 4443.1930 4444.4404 
3 3971.3215 3972.4450 3 4184.8913 4186.0707 5 4447.7179 4448.9664 
6 3977.7407 3978.8659 13 4187.0384 4188.2184 (5) , 4454.3800 4455.6303 

2 3981.7711 3982.8973 13 4187.7947 4188.9749 5 1·1·59.1176 4·1·60.3692 
4 3983.9561 3985.0829 8 4191.4296 4192.6107 3 4461.6521 4462.9043 
8 3997.3919 3998.5222 (5) 4195.3292 4196.5113 '6 4466.5508 4467.8044 
3 3998.0527 3999.1831 11 4198.3036 4199.4865 6 4476.0171 4477.2731 

(5) 4001.6608 4002.7923 13 4199.0949 4200.2781 (6) 4482.2518 4483.5094 

40 4005.2414 4006.3737 34 4202.0286 4203.2125 6 4494.5632 4495.8241 
(6) 4007.2710 4008.4039 (10) 4203.9840 4205.1684 10 4528.6133 4529.8832 
4 4009.7126 4010.8462 4 4210.3428 4211.5289 2 4531.1474 4532.4179 

(6) 4017.1494 4018.2848 (5) 4213.6483 4214.8353 (4) 4547.8462 4549.1211 
4 4021.8669 4023.0036 . 2 4216.1828 4217.3704 (5) 4592.6506 4593.9374 

(6) 4030.4885 4031.6274 7 4219.3600 4220.5484 3 4602.9401 4604.2296 
(6) 4044.6098 4045.7525 4 4222.2124 4223.4016 (6) 4647.4329 4648.7342 

300 4015.8130 401.6.9560 II 4233.6019 4234.7941 (5) 4654.4974. 1·655.8006 
3 4062.4413 4063.5886 17 4235.9362 4237.1290 (6) 4667.4528 4668.7594 

120 4063.5939 4064.7415 3 4238.8092 4240.0028 (6) 4668.1323 4669.4391 

(6) 4066.9753 4068.1238 (6) 4245.2565 4246.4518 (7) 4678.8451 4680.1547 
(8) 4067.9774 4069.1262 3 4247.4255 4248.6213 (6)' 4691.4116 4692.7245 

100 4071.7372 4072.8869 12 4250.1181 4251.3146 (8) 4707.2717 4708.5888 
(5) 4074.7857 4075.9362 24 4250.7866 4251.9833 (5) 4710.2828 4711.6008 
(8) 4076.6286 4077.7796 36 4260.4733 4261.6725 2 4736.7715 4738.0965 

(6) 4084.4914 4085.6445 (5) 4267.8264 4269.0276 (5) 4786.8062 4788.1444 
4 4107.4888 4108.6479 12 4271.1530 4272.3551 (7) 4789.6499 4790.9889 
3 4109.8020 4110.9618 100 4271.7593 4272.9615 2 4859.7406 4861.0982 

(5) 4114.4457 4115.6066 8 4282.4021 4283.6072 6 4871.3172 4872.6778 
8 4118.5442 4119.7062 11· 1·294.1243 4·295.3321. 1· 4872.1363 4873.4971 

(5) 4120.2064 4121.3688 100 4307.9015 4309.1132 I 4 4890.7540 4892.1198 
(5) 4121.8022 4122.9650 6 4315.0837 4316.2974 8 4891.4919 4892.8579 
2 4127.6081 4128.7725 95 4325.7615 4326.9779 i 1 4903.3087 4904.6778 

32 4132.0578 4133.2234 4 4337.0457 4338.2651 
'\ 

5 4918.9925 4920.3658 
4 4134.6762 4135.8424 4 4352.7340 4353.9575 11 12 4920.50]8 4921.8754 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 843 

Fe 1-Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wave!ength. wavelength ten- . wavelength wavelength ten- wavelength wavelength 
sity A A sity A A sity A A 

(10) 4938.8125 4940'.1910 (6) 5142.9275 5144.3603 2 5393.1668 5394.6663 
(4) 4946.3849 4947.7655 (6) 5150.8385 5152.2734 7 5397.1269 5398.6275 
4 4957.2982 4958.6817 13 5167.4873 5168.9267 7 5405.7741 5407.2770 

13 4957.5966 4958.9801 6 5171.5953 5173.0357 8 5429.6955 5431.2048 
(8) 4966.0872 4967.4730 4 5191.4545 5192.9002 5 5434.5228 5436.0333 

(7) 4985.2514 4986.6422 6 5192.3433 5193.7893 1 5445.0424 5446.5558 
(7) 4985.5458 4986.9368 3 5194.9412 5196.3878 6 5446.9161 5448.4300 
(8) 4994.1288 4995.5221 3 5202.3351 5203.7837 . 4 5455.6090 5457.1252 
1 5001.8622 5003.2575 (7) 5208.5932 5210.0435 (10) 5476.5634 5478.0851 
1 5005.7110 5007.1073 (6) 5215.1793 5216.6313 2 5497.5160 5499.0434 

3 5006.1175 5007.5140 3 5216.2737 5217.7260 1 5501.4641 5502.9925 
1 5012.0674 5013.4654 (5) 5217.3889 5218.8415 2 5506.7776 5508.3074 

(10) 5014.9412 5016.3399 3 5226.8616 5228.3167 2 5569.6177 5571.1644 
(6) 5022.2353 5023.6360 12 5227.1892 5228.6444 3 5572.8412 5574.3887 
(7) 5041.0708 5042.4765 11 5232.9394 5234.3962 4 5586.7553 5588.3066 

I 

1 5041.7553 5043.1612 (6) 5250.6447 5252.1062 1 5602.9449 5604.5004 
2 5049.8193 5051.2273 (8) 5263.3047 5264.7696 5 5615.6436 5617.2026 
1 5051.6336 5053.0421 5 5266.5546 5268.0203 1 5624.5413 5626.1026 
1 5068.7653 5070.1783 22 5269.5366 5271.0032 1 5658.8156 5660.3860 

(10) 5074.7479 5076.1626 8 5270.3571 5271.8239 (6) 5662.5153 5664.0867 

(6) 5079.2238 5080.6396 2 5281.7894 5283.2592 (7) 5701.5448 5703.1267 
1 5083.3377 5084.7547 4 5283.6206 5285.0909 (10) 5709.3777 5710.9617 
1 5098.6990 5100.1201 

I 

3 5302.2989 5303.7742 (5) 5753.1213 5754.7170 
(6) 5107.4464 5108.8697 7 5324.1782 5325.6593 1 5762.9901 5764.5884 
(8) 5107.6408 5109.0643 I 18 5328~O376 5329.5197 

2 5110.4125 5111.8366 
: 

3 5328.5306 5330.0129 
(6) 5123.7190 5125.1467 1 5339.92R2 5341.4135 
(5) 5127.3581 5128.7867 i 2 5341.0233 5342.5089 
3 5139.2507 5140.6826 12 5371.4892 5372.9829 
4 5139.4621 5140.8940 (5) 5389.4786 5390.9771 
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844 V. KAUFMAN AND B. EDLEN 

Cu II 

The wavelengths and intensities are from Ross, who 
observed them with a water-cooled hollow cathode and 
interferometrically measured over one thousand lines 
of the spectrum. His measurements of the wavelengths 
of the 4s-4p, 4p-5s transitions between 2.0.0.0 and 2855 A 
differ only slightly from those of Read~r et al. For 
consistency we have taken all wavelengths from Ross. 
Some 46.0 of these lines are included in our list. For the 

In- Air Vacuum In- Air 
t~n- wave!ength wavelength ten- ·wavelength 
~ity A A ~ity A 

25 1999.6979 200.0.3459 75 2218.'1.081 
7 2.025.4887 2.026.1413 15 2218.513.0 

27 2.035.8545 2.036.5.089 1.0 2224.6913 
25 2.037.1272 2.037.7819 15 2226.78.05 
35 2.043.8.022 2.044.4581 35 2228.868.0 

3.0 2.054.9795 2.055.6375 15 2229.8536 
1.0 2.078.6628 2.079.3253 7 2231.5824 
3 2.093.6376 2.094.3.03.0 9.0 2242.6184 

11 2.098.3984 2.099 . .0647 1.0.0 2247 . .0.023 
32 21.04.7969 21.05.4644 15 2248.9673 

4 2111.2944 2111.9632 7 2254.9886 
3.0 21 i2. 1.0.04 2112.7694 7 2263.2137 
32 2117.3.098 2117.9798 15 2263.7864 
35 2122.98.0.0 2123.6511 4 2265.365.0 
1.0 2125.1.063 2125.7778 2.0 2276.2583 

35 2126 . .0445 2126.7162 4 2278.3384 
4 213.0 . .0858 213.0.7583 3 228.0.943.0 

42 2134.341.0 2135 . .0144 1.0 2286.6454 
9.0 2135.981.0 2136.6547 7 2289.4166 

7 2145.4929 2146.1685 5 2291..0.024 

7 2146.9199 2147.5958 17 2294.368.0 
4.0 2148.9839 2149.66.03 5 23.09.5195 
15 2151.8.092 2152.4B61 2 2323 . .0.045 
15 2161.32.05 2161.9994 4 2323.9286 
25 2174.982.0 2175.6637 4 2336.1713 

7.0 2179.41.03 218.0 . .0929 3 2355 . .0149 
5 218.0.7516 2181.4345 15 2369.8899 

7.0 2189.63.05 219.0.3152 5 2376.3.036 
9.0 2192.2681 2192.9534 6 24.0.0.1147 
4.0 2195.6826 2196.3686 12 24.03.3373 

10 22.0.0.5.088 22.01.1958 7 2424.4341 
2.0 22.09.8.056 221.0.4945 4 2468.5.0.05 
75 221.0.2681 221.0.9571 1.0 2485.7924 

7 2212.7476 2213.4371 15 25.06.2732 
25 2215.1.06.0 2215.796.0 12 2526.5927 
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selected lines Ross states uncertainties of .0.0.007 A 
or less for wavelengths below 50.0.0 A, and of .0 . .0.014 A 
or less for the longer wavelengths. 

Ross, C. B., Ph. D. Thesis, Purdue Univ. (1969). 
Ross, C. B., Los Alamos Scientific Laboratory Publ. LA-4498, UC-34, 

Physrc~ 71 pp. (1970). 
Reader, J., Meissner, K. W., and Andrew, K. L., J. Opt. Soc. Am. 50, 

221 (1960). 

Vacuum In- Air Vacuum 
wave!ength ten- wave!ength wave!ength 

A sity A A 

2218.7988 15 2529.3.04.0 253.0 . .0644 
2219.2.038 3.0 2544.8.051 2545.5692 
2225.3834 1.0 2571. 7555 2572.5259 
2227.473.0 15 259.0.5287 2591.3.036 
2229.561.0 17 2598.8129 2599.5897 

223.0.5468 
I 

2.0 26.0.0.27.01 26.01..0473 
2232.2759 4 2614.413.0 2615.1935 
2243.3143 6 262.0.6659 2621.4479 
2247.6991 2.0 2666.29.08 2667 . .0837 
2249.6645 . 75 2689.2996 269.0 . .098.0 

2255.6871 7.0 27.0.0.9616 27.01.7628 
2263.914.0 65 27.03.1841 27.03.9859 
2264.4868 4 2711.8651 2712.669.0 
2266 . .0658 7.0 2713.5.08.0 2714.3123 
2276.9614 3 2715.4.041 2716.2.088 

2279 . .042.0 65 2718.7775 2719.583.0 
2281.6472 3.0 2721.6774 2722.4836 
2287.35.08 5 2731.948.0 2732.7567 
229.0.1226 12 2737.3417 2738.1517 
2291. 7.088 9 2739.7664 274.0.577.0 

2295 . .0751 27 2745.2712 2746 . .0832 
231.0.2299 8.0 2769.6692 277.0.4871 
2323.7179 4 2788_2616 ?789.0R4.0 

2324.6422 2.0 2791.7947 2792.618.0 

2336.8876 4 2795.2981 2796.1222 

2355.7354 ! 
3 2795.6573 2796.4815 

237.0.6137 4 2797.2551 2798 . .0797 

2377 . .0289 5 2797.4337 2798.2583 

24.0.0.8454 17 2799.5282 28.0.0.3534 

24.04 . .0687 7 2799.68.06 28.0.0.5.058 

2425.17.03 1.0 281.0.8.039 2811.6318 
2469.2468 3 283.0.2316 2831 . .0643 

.2486.5427 35 2837.3683 2838.2.027 
25.07 . .0283 4 284.0.492.0 2841.3272 
2527.3525 4 2846.8685 2847.7.052 



REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 845 

Cu 11- Continued· 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wavelength ten- wavelength wavelength ten- wavelength wavelength 
sity A A sity A A sity A A 

9 2848.5001 2849.3372 2 3342.9640 3343.9251 16 3864.1369 3865.2324 
9 2848.7253 2849.5625 6 3349.4566 3350.4194 6 3866.3046 3867.4007 
5 2851.8950 2852.7330 20 3365.6475 3366.6144 3 3868.3710 3869.4676 
7 2852.0766 2852.9146 20 3366.2696 3367.2367 7 3873.2074 3874.3053 
3 2852.4044 2853.2425 15 33,66.5618 3367.5290 14 3879.3965 3880.4960 

3 2855.3207 2856.1595 45 3370.4538 3371.4220 28 3884.1307 3885.2314 
10 2857.7485 2858.5879 10 3370.7845 3371.7527 14 3884.5339 3885.6347 
6 2859.0053 2859.8450 10 3371.4075 3372.3759 9 3891.1276 3892.2302 
2 2862.3234 2863.1639 17 3373.5914 3374.5604 15 3892.9236 3894.026(i 

60 2877.6998. 2878.5441 30 3374.9515 3375.9208 10 3896.6915 3897.7955 

27 2884.1955 2885.0414 4 3376.6139 3377.5836 4 3900.0556 3901.1605 
3 2927.2540 2928.1106 12 3377.7037 3378.6737 9 3902.9666 3904.0722 
2 2936.9553 2937.8143 9 3378.5094 3379.4796 17 3903.1766 3904.2823 

10 2986.3346 2987.2058 11 3379.9595 3380.9301 4 3912.4910 3913.5991 
7 3014.5446 3015.4229 20 3380.7117 3381.6825 9 3919.1725 3920.2824 

6 3041.6788 3042.5638 4 3384.3321 3385.3038 14 3920.6545 ' 3921.7648 
7 3151.0505 3151.9630 10 3384.9450 3385.9169 d 13 3923.4503 3924.5613 
3 3152.9000 3153.8130 4 3385.4656 3386.4376 12 3933.2683 3934.3818 
3 3158.6729 3159.5873 4 3395.2149 3396.1894 5 3944.5821 3945 .. 6986 
5 3179.7846 3180.7043 7 3402.8301 3403.8065 4 3952.0660 3953.1845 

7 3182.1717 3183.0920 3 3409.1598 3410.1379 5 3985.2144 3986.3415 
9 3184.8404 3185.7614 3 3515.2291 3516.2344 12 3987.0236 3988.1512 
5 3185.7249 3186.6461 4 3548.7423 3549.7562 15 3993.3022 3994.4314 
5 3186.0148 3186.9361 3 3592.3527 3593.3778 9 3998.3674 3999.4979 
3 3225.3388 3226.2701 5 3602.2330 3603.2607 14 4003.4758 4004.6077 

4 3226.5812 3227.5128 7 3606.6575 3607.6863 9 4006.1650 4007.2976 
5 3238.8232 ' 3239.7579 3 3616.8635 3617.8949 5 4014.2360 4015.3707 
9 3250.4652 3251.4028 4 3633.1158 3634.1514 4 4015.1962 4016.3311 
7 3281.6963 3282.6419 4 3641.7928 3642.8307 10 4032.6469 4033.7864 

40 3290.4175 3291.3653 3 3643.0145 3644.0527 60 4043.4844 4044.6267 

6 3292.1231 3293.0713 5 3643.7565 3644.7949 50 4043.7506 4044.8930 
4 3293.3325 3294.2810 100 3686.5551 3687.6045 13 4065.0094 4066.1574 
5 3294.3353 3295.2841 7 3738.6487 3739.7116 12 4068.1057 4069.2545 
9 3295.1018 3296.0508 5 3748.1908 3749.2562 4 4089.4786 4090.6330 
9 3297.1983 3298.1478 3 3772.5255 3773.5972 7 4112.4816 4113.6420 

8 3300.4370 3301.3873 15 
: 

3786.2695 3787.3148 SO 4131.3633 4132.5286 
9 ' 3300.6409 3301.5913 17 3797.8488 3798.9271 20 4143.0169 4144.1853 

11 3300.8814 3301.8318 3 3801.5562 3802.6355 30 4153.6233 4154.7945 
25 3301.2286 3302.1791 10 3818.8786 3819.9624 50 4161.1404 4162.3135 
20 3316.2756 3317.2299 3 3824.8322 3825.9175 27 4162.2967 4163.4701 

7 3317.1383 3318.0929 14 3826.9208 3828.0067 37 4164.2840 4165.4580 
5 3322.6362 3323.5922 6 3836.1645 3837.2528 40 417l.8507 4173.0267 

15 3338.6475 3339.6075 8 3842.5889 3843.6788 12 4176.1248 4177.3019 
6 3338.9360 3339.8961' 4 3862.1244 3863.2194 50 4179.5124 4180.6904 
6 3339.0850 3340.0452 I 4 3863.6402 3864.7356 4 4195.7735 4196.9557 
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Cu 11- Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wavelength ten- wave!ength wave!ength ten- wavelength wavelength 
sity A A sity A A sity A A 

50 4211.8661 4213.0526 20 4926.4245 4927.7997 5 5535.0498 5536.5872 
5 4216.9123 4218.1001 20 4931.5545 4932.93 II 5 5555.5126 5557.0554 

32 4230.4486 4231.6399 90 4931.6975 4933.0741 7 5593.7717 5595.3248 
4 4251.0193 4252.2160 19 4937.2206 4938.5987 6 5615.2354 5616.7942 

20 4255.6348 4256.8328 10 4937.9754 4939.3537 5 5635.5122 5637.0764 

30 4279.9621 4281 . .1664 - 5 4940.0697 -4941.4486 9 5641.2649 5642.8307 
14 4285.2432 4286.4489 12 4943.0257 4944.4053 9 5721.7845 5723.3718 
50 4292.4705 4293.6781 10 4951.6195 4953.0014 9 5759.4224 5761.0198 
40 4365.3705 4366.5973 70 4953.7235 4955.1060 15 5805.9891 5807.5989 

9 4378.3840 4379.6142 7 4955.9565 4957.3396 10 5825.8234 5827.4385 

9 4440.8836 4442.1303 4 4969.8064 4971.1932 10 5833.5152 5835.1324 
10 4444.8314 4446.0792 8 4973.6950 4975.0828 20 5897.9713 5899.6058 
40 4506.0022 4507.2661 8 4974.1550 4975.5429 12 5937.5768 5939.2219 
10 4515.5195 4516.7859 6 4980.0154 4981.4049 40 5941.1955 5942.8415 
15 4516.0492 4517.3158 50 4985.5055 4986.8964 10 5993.2596 5994.9196 

15 4541.0325 4542.3056 40 5006.8006 5008.1972 15 5995.5873 -5997.2479 
50 4555.9199 4557.1970 35 5009.8508 5011.2482 65 6000. II 96 6001. 7814 
7 4557.5077 4558.7852 40 5012.6196 5014.0177 10 6023.2638 6024.9318 
4 4575.6530 4576.9353 35 5021.2788 5022.6792 25 6072.2179 6073.8991 

10 4596.9056 4598.1935 10 5024.0236 .5025.4248 15 6080.3432 6082.0265 

9 4597.9473 4599.2355 20 5039.0165 5040.4217 15 6099.9895 6101.6781 
7 4608.4661 4609.7571 15 5041.3312 5042.7370 15 6105.7477 6107.4379 

12 4649.2706 4650.5724 30 5047.3485 5048.7559 16 6107.4117 6109.1023 
12 4661.3628 4662.6678 90 5051.7927 5053.2013 15 6110.8729 6112.5644 
32 4671.7019 4673.0096 1,0 5058.9096 5060.3200 30 6114.4931 6116.).856 

30 4673.5772 4674.8854 5- 5060.6420 5062.0529 60 6150.3835 6152.0856 
45 4681.9940 4683.3044 50 5065.4592 5066.8714 75 6154.2218 6155.9250 
10 4758.4331 4759.7638 45 5067.0941 5068.5067 50 6172.0374 6173.7453 

7 4766.7393 4768.0722 35 5072.3025 5073.7165 55 6186.8837 6188.5956 
9 4807.0464 4808.3900 45 5088.2767 5089.6950 40 6188.6758 6190.3882 

40 4812.9483 4814.2934 25 5088.9434 5090.3618 30 6198.0919 6199.8068 
7 4832.2455 4833.5957 42 5093.8159 5095.2356 47 6204.2607 6205.9773 

12 4851.2619 4852.6172 35 5100.0666 5101.4880 45 6208.4572 6210.1749 
30 4854.9880 4856.3443 7 5108.3337 5109.7573 75 6216.9386 6218.6586 

6 4861.5614 4862.9194 10 5120.7535 5122.1804 70 6219.8437 6221.5645 

10 4073.3039 4874.6650 25 5124.4760 5125.9039 5 6236.3449 6238.0701 
5 4889.7007 4891.0662 10 5158.0933 5159.5301 10 6257.8371 6259.5681 

15 4901.4271 4902.7957 10 5183.3674 5184.8110 50 6261.8482 6263.5802 
12 4906.5668 4907.9368 10 5269.9907 5271.4573 15 6265.6507 6267.3838 

100 4909.7343 4911.1051 10 5276.5248 5277.9932 100 6273.3494 6275.0845 

12 4912.3649 4913.7364 8 5365.5366 5367.0287 35 6288.6957 6290.4350 
20 4912.9205 4914.2921 10 5368.3829 5369.8758 90 6301.0094 6302.7520 

7 4915.8326 4917.2050 5 5437.5791 5439.0904 55 6305.9725 6307.7164 
50 4918.3755 4919.7486 6 5469.6829 5471.2028 40 6312.4918 6314.2374 
6 4920.0357 4921.4092 4 5527.1972 5528.7325 12 6326.4661 6328.2155 
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Cu 11- Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- . wavelength wavelength ten- wavelength . wavelength ten- wavelength wavelength 
sity A A sity A A sity A A 

40 6373.2679 6375.0299 10 6770_3617 6772.2304 30 7890.5669 7892.7376 
75 6377.8405 6379.6037 30 6806_2159 6808.0943 70 7902.5527 7904.7267 
6 6385.2637 6387.0289 40 6809.6469 6811.5262 40 7944.4385 7946.6238 
7 6393.9575 6395.7250 32 6823.2025 6825.0854 40 7972.0327 7974.2254 

40 6403.3844 6405.1545 7 6830.5316 6832.4165 120 7988.1634 7990.3605 

15 6418.1613 6419.9353 25 6844.1573 6846.0459 50 8277.5600 8279.8353 
85 6423.8841 6425.6597 7 6863.0618 6864.9555 80 8283.1605 8285.4373 
17 6432.4169 6434.1948 32 6868.7911 6870.6863 25 8503.3960 8505.7323 
20 6442.9646 6444.7453 27 6872.2313 6874.1274 75 8~11.0612 8513.3996 
8 6443.5875 6445.3684 27 6879.4040 6881.3021 20 8609.1337 8611.4986 

75 6448.5586 6450.3408 22 6937.5531 6939.4668 50 9813.2130 9815.9039 
6 6452.1172 6453.9003 15 6952.8714 6954.7892 25 9827.9783 9830.6732 

17 6466.2460 6468.0329 15 6977.5721 6979.4966 20 9830.7978 9833.4935 
20 6470.1468 6471.9348 20 7022.8604 7024.7971 60 9861.2795 9863~9835 

95 6470.1682 6471.9562 30 7194.8965 7196.8795 60 9864.1366 9866.8413 

15 6479.3172 6481.1077 40 7326.0081 7328.0265 20 9883.9692 9886.6793 
75 6481.4366 6483.2276 30 7331.6942 7333.7141 55 9916.4194 9919.1383 
40 6484.4208 6486.2126 25 7382.2766 7384.3102 50 9917.9537 9920.6730 
12 6488.8169 6490.6099 100 7404.3537 7406.3932 55 9925.5944 9928.3158 
9 6508.4015 6510.1998 27 7434.1562 7436.2037 45 9938.9977 9941.7227 

22 6517.3171 6519. II 78 50 7562.0152 7564.0972 50 9960.3535 9963.0843 
17 6523.8207 6525.6231 70 7652.3334 7654.4398 45 10006.5878 10009.3311 
40 6530.0828 6531.8869 100 7664.6485 7666.7582 

I 

55 10022.9693 10025.7171 
10 6541.6381 6543.4453 15 7681.7884 7683.9028 55 10038.0930 10040.8449 
12 6551.2865 n55~_09n~ 45 77-1·1.0966 7746.2278 65 10051.9385 10057.6919 

20 6577.0804 6578.8971 80 7778.7381 7780.8786 45 10080.3539 10083.1172 
75 6624.2920 6626.1214 75 7805.1842 7807.3319 
15 6631.4769 6633.3083 150 7807.6587 7809.8070 
80 6641.3964 6643.2304 100 7825.6539 7827.8071 
45 6660.9616 6662.8009 35 7860.5772 7862.7398 
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Gel 

The wavelengths and intensities for lines' below 4685 
A are given by Andrew and Meissner. Eight of them' 
were excited in an atomic' beam and the remainder 
in a liquid-nitrogen-cooled hollow cathode~ The lines 
with wavelengths greater than 4685 A are.from Kaufman 
and Andrew and were observed in a hollow-cathod~ 

In- Air Vacuum In- Air 
ten- wavelength wave!ength ten- wavelength 
sity A A sity A 

7 2019.0684 2019.7198 15 2592.5340 
8 2041.7121 2042.3676 8 2644.1836 
8 2043.7695 2044.4254 15 2651.1720 
5 2054.4609 2055.1188 12 2651.5683 
5 2057.2382 2057.8966 15 2691.3411 

8 2065.2149 2065.8748 15 2709.6237 
8 2068.6562 2069.3168 6 2740.4264 
6 2086.0208 2086.6847 15 ' 2754.5878 

25 2094.2582 2094.9237 3 2793.9249 
5 2105.8241 2106.4918 2 2829.0076 

5 2124.7438 2125.4153 100 3039.0671 
5 2186.4508 2187.1348 4 3067.0214 

20 2198.7144 2199.4010 10 3124.8164 
4 2220.3747 . 2221.0659 100 3269.4889 
5 2256.0007 2256.6995 150 4226.5625 

10 2314.2014 2314.9128 20 4685.8286 

15 2327.9181 2328.6326 3 5194.5834 
4' 2338.6060 2339.3228 2 5197.2822 

4 2359.2326 2359.9540 6 5265.8915 
12 2379.1443 2379.8102 3 5384.5989 

5 ' 2389.4725 2390.2007 6 5513.2631 
4 2394.0804 2394.8097 8 5564.7408 
6 2397.8848 2398.6150 8 5607.0100 

20 2417.3672 2418.1018 6 5616.1353 
5 2436.4120 2437.1509 7 5621.4255 

4 2467.3681 2468.1141 6 561" A 2256 
15 2497.9625 2498.7156 5 5t.,v l417 
15 2533.2305 2533.9919 10 569j '544 

. 10 2556.2979 2557.0647 6 5701 765 
12 2589.1878 2589.9623 5 5717 771 

J. Phys. Chem. Ref. Data, Vol. 3, No.4, 1974 

lamp. The intensities are from these authors. The un
certainties are all iess than ± 0.0012 A and are about 
± 0.0004 A for the shorter wavelengths. 

AndH;:W, K. L., i1utl Mt:issneT, K. W., J. Opt. Soc. Am. 49, 146 (1959). 

Kaufman, V., and Andrew, K. L., J. Opt. Soc. Am. 52,1223 (1962). 

Vacuum In- Air Vacuum 
wave!ength ten- wave!ength wave!ength 

A sity A A 

2593.3093 6 5801.0289 5802.6374 
2644.9712 10 5802.0932 5803.7020 
2651.9613 6 6557.4882 6559.2996 
.2652.3577 8 7353.3342 7355.3600 
2692.1400 '1 7384.2078 7386.2418 

27'10.4270 10 7833.5752 7835.7305 
2741.2372 10 8031.0387 8033.2474 
2755.4020 6 8044.1647 8046.3769 
2794.7487 10 8256.0128 8258.2823 
2829.8400 5 9068.7854 9071.2747 

3039.9515 5 9095.9569 9098.4536 
3067.9128 6 9398.8678 9401.4465 
3125.7223 4 9492.5589 9495.1630 
3270.4314 7 9625.6642 9628.3043 
4227.7528 5 10039.4356 10042.1878 

4687.1400 4 10200.9522 10203.,7482 
5196.0300 10 10382.4269 10385.2721 
5198.7295 10 10404.9125 10407.7638 
5267.3571 8 10734.0679 10737.0085 
5386.0961 8 10947.4161 10950.,4146 

5514.7947 10 11125.1300 11128.1767 

5566.2861 
5608.5666 
5617.6943 
5622.9860 

5665.7975 
5666.4138 
5693.5337 
5703.3584 
5719.4634 
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As a result of the adoption of a new definition of the 
meter, the 86Kr I line at u= 1650763.73 cm-1 (Avac= 
6057.80210 . . . A.) became the primary standard of 
length and wavelength. The Comite Consultatif pour la 
Definition 'du Metre (C.C.D.M.) adopted, at its third 
session in October 1962, the vacuum wavelengths 
4503.6162, 5651.1286, 6422.8.006, and 6458.0720 A as 
secondary standards with stated uncertainties of about 
0.0001 A. Kaufman and Humphreys critically evalu
ated all interferometric measurements of 86Kr I lines, 
determined a best set of energy level values and calcu
lated wavelengths and uncertainties for all observed 
krypton lines. The lines given belo~ have been selected 
from that list, regard being paid to intensity, possible 

In- Air Vacuum In- Air 
ten- wavelength wavelength ten- wavelength 
sity A A sity A 

2 3424.9403 3425.9224 5 4418.7604 
1 3495.9883 3496.9886 10 4425.1890 
2 3502.5520 3503.5540 60 4453.9165 
2 3522.6719 3523.6791 80 4463.6889 
2 3615.4737 3616.5048 60 4502.3533 

1 3628.1547 3629.1891 4 4550.2966 
8 3665.3239 3666.3678 2 4636.1292 
1 '3668.7343 3669.7792 2 4724.8728 
5 3773.4222 3774.4941 4 4812.6348 
2 3796.8819 3797.9599 2 5228.1764 

3 3800.5417 3801.6207 2 5379.6357 
2 3812.2133 3813.2954 5 5490.9350 
2 3845.9767 3847.0675 5 5500.7090 
2 3991.0787 3992.2073 2 5516.6651 
1 3991.2565 3992.3852 4 5520.5095 

2 4184.4698 4185.6491 50 5562.2244 

2 4263.2848 4264.4848 200 5570.2885 
100 4273.9687 4275.1715 I 8 5580.3858 

10 4282.9666 4284.1717 10 5649.5606 

4 4286.4861 4287.6921 5. 5672.4499 

::> 43UU.4H,57 43U1.6955 4 5707.5111 

1 4302.4435 4303.6538 2 5723.5684 
40 4318.5511 4319.7656 2 5726.5869 

100 4319.5788 4320.7936 2 5805.5402 
10 4351.3588 4352.5819 ' 1 5820.1171 

50 4362.6409 4363.8670 4 5824.5177 
80 4376.1206 4377.3503 2 5827.0892 
20 ,4399.9652 4401.2011 10 5832.8555 

5 4410.3671 4411.6058 5 5866.7486 
2 4416.8815 4418.1219 300 5870.9144 

interference from close lines and estimated uncertainty. 
The uncertainties range from 0.0001 to 0.0002 A for 
wavelengths shorter than 11500 A. They are ~ 0.0006 
.A for A < 15000 .A, ~ 0.001l A for A < 20000 A and 
~ 0.0017 A for the longest wavelengths. Kaufman and 
Humphreys indicate that the wavelengths of the lines 
at 6422 and 6458 A should each be reduced by 0.0001 A.. 
The reader is advised to refer directly to Kaufman and 
Humphreys if he wants to have some wavelengths to 
the hundred-thousandths place. 

C. R. Conf. Poids Mes. 6,85 (1960). 
C. C. D.M., 3e session (1962), Paris, Gauthier· Villars. 
Kaufman, V., and Humphreys, C. J.,J. Opt. Soc. Am. 59,1614 (1969). 

Vacuum In- Air Vacuum 
wavelength ten- wavelength wave!ength 

A sity A A 

4420.0012 5 5879.8990 5881.5287 
4426.4316 6 5993.8488 5995.5090 
4455.1667 2 6035.8327 6037.5041 
4464.9416 6 6056.1253 6057.8021 
4503.6162 2 6075.2544 6076.9364 

4551.5722 4 6082.8601 6084.5441 
4637.4275 2 6151.4055 6153.1079 
4726.1946 2 6222.7325 6224.4540 
4813.9798 3 6236.3507 6238.0759 
5229.6319 1 6241.4035 6243.1301 

5381.1316 2 6346.6808 6348.4356 
5492.4606 3 6373.5889 6375.3510 
5502.2372 2 6415.6780 6417.4514 
5518.1976 10 6421.0257 6422.8005 
5522.0430 20 6456.2876 6458.0719 

5563.7690 2 6488.0682 6489.8610 
5571.8353 2 6576.4193 6578.2358 
5581.9353 4 6652.2335 6654.0704 
5651.1286 6 6699.2284 6701.0780 
5674.0240 2 6740.0969 6741.9574 

5709.0946 5 6813.1074 6814.9876 
5725.1562 2 6846.3996 6848.2888 
5728.1755 2 6869.6293 6871.5248· 
5807.1499 10 6904.6777 6906.5826 
5821.7307 10 7224.1044 7226.0953 

5826.1325 8 7287.2581 7289.2660 ! 

5828.7047 6 7425.5411 7427.5863 
5834.4725 10 7486.8615 7488.9233 
5868.3747 3 7494.1450 7496.2087 
5872.5416 100 7587.4114 7589.5003 
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86Kr 1-Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wave!ength ten- wave!ength wave!ength ten- wavelength wavelength 
sity A A sity A A sity A A 

400 ' 7601.5440 7603.6367 5 9704.2421 9706.9035 4 17070.0074 17074.6699 
100 7685.2438 7687.3590 200 9751. 7581 9754.4324 60 17098.7706 17103.4409 
120 7694.5385 7696.6563 50 9856.3137 - 9859.0163 70 17367.6060 17372.3495 

4 7741.3577 7743.4881 3 10121.0043 10123.7787 12 17404.4430 17409.1965 
15 7746.8273 7748.9592 8 10296.9714 10299.7934 15 - 17616.8539 17621.6652 -

4 7776~2552 7778.3950 50 11457.4813 11460.6182 65 17842.7376 17847.6103 
5 7806.5037 7808.6517 15 11792.4250 11795.6528 70 18002.2291 18007.1453 

80 7854.8215 7856.9826 150 11819.3767 11822.6118 

I 
8 18099.3717 18104.3143 

3 7904.6130 7906.7875 4 12123.5373 12126.8550 260 18167.3150 18172.2761 
20 7913.4232 7915.6001 10 12861.8924 12865.4106 9 18185.0358 18190.0017 

4 7920.4451 7922.6239 2 12985.2882 12988.8400 10 18399.7862 18404.8105 
18 7928.5971 7930.7781 110 13177.4118 13181.0158 15 18580.8954 18585.9691 
2 7946.9786 7949.1646 100 13622.4153 13626.1402 30 18696.2941 18701.3992 

10 7982.4010 7984.5965 240 13634.2197 13637.9478 17 18785.4602 18790.5896 
150 8059.5035 8061. 7199 80 13658.3936 13662.1283 5 18787.7158 18792.8457 

400 8104.3639 8106.5924 20 13711.0362 13714.7852 3 19227.6884 19232.9381 
600 8112.8991 8115.1299 60 13738.8514 13742.6080 4 20012.2713 -20017.7345 
300 8190.0538 8192.3054 55 14045.6571 14049.4971 14 20209.8776 20215.3946 

5 8195.0684 8197.3214 14 14104.2976 14108.1535 30 20423.9639 20429.5392 
300 8263.2399 8265.5113 5 14156.2637 14160.1337 14 20446.9708 20452.5524 

10 8272.3532 8274.6271 3 14340.5758 14344.4960 9 20924.3500 20930.0616 
150 8281.0497 8283.3259 200 14426.7932 14430.7368 60 21165.4708 21171.2481 
500 8298.1072 8300.3880 160 14734.4356 14738.4628 180 21902.5128 21908.4907 

2 8301.3987 8303.6804 55 14762.6724 14766.7073 12 22485.7755 22491.9122 
10 0412.4299 0414.7417 45 14765.4720 14769.5077 18 23340.4161 23346.7855 

3 8498.1925 8500.5274 40 14961.8939 14965.9830 12 24260.5061 24267.1261 

300 . 8508.8698 8511.2076 12 15005.3066 15009.4074 18 24292.2207 24298.8494 
5 8560.8758 8563.2277 14 15209.5262 15213~6826 60 25233.8197 25240.7048 

4 8697.4871 8699.8759 170 15239.6152 15243.7797 
15 8764.1095 8766.5163 13 15326.4795 15330.6677 

5 8774.0917 8776.5013 150 15334.9577 15339.1483 
600 8776.7478 8779.1581 70 15372.0371 15376.2377 
200 8928.6916 8931.1430 20 15474.0260 15478.2543 

5 8977.9737 8980.4384 7 16573.0446 16577.5719 
3 8999.1757 9001.6462 20 16726.5129 16731.0819 

2 9111.6577 9114.1586 200 16785.1276 16789.7126 
2 9122.4479 9124.9517 100 16853.4881 16858.0917 

10 9362.0823 9364.6510 240 16890.4407 16895.0543 
2 9450.9010 9453.4938 160 16896.7524 16901.3678 
3 9540.9173 9543.5345 180 16935.8060 16940.4320 

J. Phys. Chem. Ref. Data, Vol. 3, No.4, 1974 



REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 

1l4Cd I 

The Comite Consultatif pour la Definitiondu Metre 
(C.C.D.M.) adopted, at its third session in October 1962, 
these four wavelengths as secondary standards with 
stated uncertainties of ± G.OOO3. to ± 0.0004 A. 
c.C.n.M., 3e session (1%2), Pa.ris, Gauthier-ViJlars. 

In- Air Vacuum 
ten- wavelength wave!ength 
sity A A 

80 4678.1487 4679.4581 
140 4799.9104 4801.2521 
280 5085.8203 5087.2379 
26 6438.4685 6440.2480 

851 
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852 V. KAUFMAN AND B. EDLEN 

The Comite Consulatif pour la Definition du Metre 
(C.C.D.M.) adopted, at its third session in October 1962, 
the four longest wavelengths listed below as secondary 
standards with stated uncertainties of ± 0.0002 to 
± 0.0.0.03 A. The remainder of the waVf~I~ngthg listed 
are the result of interferometric measurements by Kauf
man from observation with a water-cooled electrodeless
discharge lamp containing argon as the carrier gas at 
0..25 torr. The uncertainties are considered to be the 
same as those of the secondary standards, i.e., to about 
5 parts in 108• The intensities are those of the author. 

C.C.D.M., 3e session (1962). Paris. Gauthier·Villars. 
Kaufman, V., J. Opt. Soc. Am. 52,866 (1962). 

In~ Air 
ten· wave!engt~ wavelength 
sity A A 

10.00. 2536.50.67 2537.2688 
4 2652.0.429 2652.8324 
7 2653.6829 2654.4728 

12 2655.130.5 2655.920.7 
6 2752.7830. 2753.5968 

. 15 2893.5983 2894.4465 
4 2925.4134 2926.2695 

80. 2967.2834 2968.1499 
20 3021.4997 3U::!::!.3797 
5 30.23.4763 3024.3568 

90 3125.670.1 3126.5762 
90. 3131.5511 3132..4587 

10.0. 3131.8423 3132.7499 
18 3341.4814 3342.4422' 

200 3650.1!:>o7 3051.1Y67 

25 3654.8394 3655.880.6 
3 ~662_8827 3663.9260 

25 3663.280.9 3664.3243 
125 40.46.5715 4047.7146 

18 4077.8380 40.78.9893 

150. 4358.3374 4359.5624 
10.0 5460..7530 5462.270.5 
15 5769.5982 5771.1983 
15 5790..6626 5792.2683 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 85.3. 

Th I, II 

The list contains 882 wavelengths taken from the 
work of . Giacchetti, Stanley and Zalubas. The thorium 
electrodeless lamp emits a very large number of sharp 
and uniformly intense lines of the neutral and singly· 
ionized atoms. Valero has shown that the lines emitted 
by a cooled, thorium hollow-cathode lamp are sharper 
than those from the electrodeless lamp .. Giacchetti 
et at combined all existing interferometric measure
ments of thorium, derived accurate energy levels of 
atomic thorium and calculated 1375 wavelengths 
of Th I which they proposed as secondary standards. 
Their list of 1821 lines also includes weighted averages 
of 181 interferometrically measured Th I and Th II 
lines and 265 wavelengths measured by only one ob-

In- Air Vacuum In· Air 
ten· wavelength wavelength ten- wavelength 
sity A A sity A 

10 3002.3863 3003.2616 20 3245.9946 
20 3025.4482 3026.3292 80 3249.8561 
40 3034.6392 3035.5225 100 3257.3663 
50 3047.0159 3048.7025 10 3270.0998 
20 3059.6978 3060.5873 20 3285.5139 

50 3060.4384 3061.3281 30 3288.3871 
40 3061.8120 3062.7020 15 3289.6325 
30 3068.9067 3069.7986 15 3301.4491 
IS 3076.4100 3077.3037 300 3304.2381 
30 3077.7172 3078.6112 100 3309.3649 

20 3093.7112 3094.6093 20 3318.3896 
20 3104.9670 3105.8679 40 3320.4757 
30 3108.5039 3109.4057 150 3330.4764 
50 3116.2628 3117.1666 100 3333.12.82 
50 3124.3868 3125.2926 80 3337.8701 

80 3136.2155 3137.1243 150 3348.7678 
40 3136.8286 3137.7375 40 3360.9978 
15 3139.8927 3140.8024 40 3365.3375 
40 3145.6363 3146.5474 40 3367.5818 
10 3152.2938 3153.2066 40 3372.8208 

20 3161.3636 3162.2787 80 3374.9742 
50 3171.2750 3172.1926 30 3376.3653 
50 3181.6689 3182.5891 60 3380.8592 
40 ~192.5R52 3193.50B2 20 3390.8490 
40 3195.6887 3196.6124 80 3396.7271 

20 3202.5204 3203.4459 150 3398.5443 
40 3211.1938 3212.1214 150 3405.5577 
40 3214.3801 3215.3086 100 3408.7492 
50 3232.3055 3233.2385 20 3412.1805 

100 3244.44B2 321·5.3B11· 100 3413.0125 

server. References to the experimental papers can be 
found therein. 

This list contains the strong, calculated Th I lines 
and a very few of the others in order to reduce the range 
between reference wavelengths. The intensities are 
those of Giacchetti et a1. reduced by a factor of ten~ 
According to the authors, the average standard devia
tion for the calculated lines is 0.0014 cm-t. The uncer
tainties vary from about 0.003 A at 9000 A to about 
0.0005 A at 3000 A. I 

Valero, F. P. J., J. Opt. Soc. Am. 58,484 (1968). 
Giacchetti, A., Stanley, R. W., and Zalubas, R" J. Opt. Soc. Am. 69, 

474 (1970). 

Vacuum In- Air Vacuum 
wavelength ten- wavelength wavelength 

A sity A A. 

3246.9311 40 3417.4972 3418.4774 
3250.7936 200 3421.2096 3422.1907 
3258.3057 100 3422.6556 3423.6371 
3271.0424 150 3123.9B93 3424.9712 
3286.4604 30 3428.6217 3429.6048 

3289.3344 30 3428.7139 3429.6970 
3290.5801 200 3437.3072 3438.2925 
3302.3997 80 3442.5783 3443.5650 
3305.1894 20 3449.9562 3450.9447 
3310.3175 80 3451. 7017 3452.6907 

3319.3446 40 3457.0685 3458.0588 
3321.4312 150 3461.0182 3462.0095 
3331.4344 200 3461.2169 3462.2083 
3334.0869 30 3470.9999 3471.9938 
3338.8300 100 3471.21aO 3472.2120 

3349.7305 50 3480.0516 3481.0478 
3361.9636 50 3488.8332 3489;8317 
3366.3044 40 3489.5069 3490.5056 
3368.5492 50 3496.8099 3497.8104 
3373.7896 80 3498.6212 3499.6222 

3375.9436 50 3503.7861 3504.7884 
3377.3350 30 3506.1324 3507.1353 
3381.8301 30 3506.6451 3507.6481 
3391.R224 80 3511.1569 ~512.1611 

3397.7020 100 3518.4035 3519.4096 

3399.5197 50 3521.0591 3522.0659 
3406.5348 30 3523.7577 3524.7652 
3409.7272 50 3526.6334 3527.6416 
3413.1594 30 3529.3860 3530.3949 
3113.9916 20 3531.2R29 3532.2923 
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854 V. KAUFMAN AND B. EDLEN 

Th I, 11- Continued 

In- Air Vacuum . In- Air . Vacuum I Air Vacuum I In-
ten· wave!ength wave!ength ten- wave!ength wave!ength I ten- wave!ength wave!ength 
sity A A sity A A \sity A A 

I 

100 3531.4502 3532.4·596 50 3691.6135 3692.6642 80 3830.7732 3831.8601 
20 3533.1821 3534.1Y~O 100 3692.5662 36Y3.6U3 30 3831.6393 3832.7265 
50 3542.4972 3543.5095 40 3693.9941 3695.0455 20 3835.7107 3836.7989 
15 3543.2091 3544.2216 100 3698.1054 3699.1579 30 3836.7206 3837.8090 
20 3547.3370 3548.3505 40 3703.2292 3704.2830 150 3837.8747 3838.9635 

100 3549.5952 3550.6093 50 3703.7744 3704.8284 80 3839.6947 3840.7839 
100 3555.0130 3556.0285 50 3704.8609 3705.9152 60 3840.8000 3841.8895 
30 3560.0248 3561.0416 200 3706.7666 3707.8213 40 3842.54Y5 3843.63Y5 
20 3565.6035 3566.6217 30 3709.8617 3710.9172 20 3842.7431- 3843.8331 

100 3567.2633 3568.2819 60 3711.6221 3712.6781 100 3846.8872 3847.9783 

100 3569.8198 3570.8392 300 . 3719.4345 3720.4925 80 3852.1348 3853.2272 
50 3570.3572 3571.3767 40 3719.8358 3720.8939 20 3856.5171 3857.6107 
30 3570.5232 3571.5427 40 3727.6112 3728.6713 30 3861.3514 3862.4463 
40 3576.5572 3577.5783 100 3727.9024 3728.9626 80 3869.6628 3870.7598 
20 3577.5988 3578.6202 30 3733.6720 3734.7337 40 3873.1475 3874.2454 

I 
100 3742.9229 3743.9870 50 3873.4734 3874.5714 60 3583.1014 3584.1242 

80 3584.1754 3585.1984 30 3751.0213 3752.0874 150 3874.8618 3875.9601 

100 3589.7496 3590.7740 30 3752.7902 3753.8568 30 3875.1578 3876.2562 

80 3591.4519 3592.4768 I 40 3758.4665 3759.5346 50 3875.6454 3876.7439 
200 3598.1195 3599.1461 ! 40 3753.7058 3759.7740 50 3877A621 3878.5011 r 

I 

60 3604.6556 3605.6839 20 3759.3166 3760.3849 40 3878.6615 3879.7609 

20 3606.0907 3607.1193 50 3762.9332 3764.0025 100 3879.6440 3880.7436 

30 3608.8818 3609.9112 30 3763.6681 3764.7375 80 3886.9153 3888.0168 
150 3612.4270 3613.4574 80 3765.2400 3766.3099 200 3895.4187 3896.5225 
60 3612.8661 3613.8965 40 3769.5836 3770.6546 50 3898.4371 3899.5416 

20 3615.8499 3616.8811 150 3770.0558 3771.1269 50 3908.7498 3909.8570 
60 3622.7951 3623.8281 150 3771.3702 3772.4416 50 3911.9088 3913.0168 

100 3632.8305 3633.8661 40 3772.6494 3773.7212 20 3914.1585 3915.2671 
40 3638.3191 3639.3561 30 3776.5031 3777.5759 50 3916.4169 3917.5261 
50 3638.6440 3639.6811 .40 3784.5762 3785.6511 100 3919.0233 3920.1331 

200 3642.2484 3643.2864 50 3789.1674 3790.2435 20 3919.2750 3920.3850 
20 3650.4350 3651.4752 15 3792.1032 3793.1800 50 3923.7989 3924.9100 
50 3656.6934 3657.7351 20 3794.9819 3796.0595 100 3925.0931 3926.2046 
40 ·3658.8083 3659.8506 20 3796.9991 3790.0772 30 3925.5951 3926.7067 
60 3659.6289 3660.6714 50 3798.1035 3799.1819 30 3929.2900 3930.4026 

50 3661.5738 3662.6168 40 3800.1973 3801.2763 150 3932.9107 3934.0242 
150 3663.2023 3664.2457 40 3802.4211 3803.5006 20 3933.0341 3934.1476 
80 3666.9812 3668.0256 50 3802.8638 3803.9434 20 3938.1517 3939.2666 
10 3669.9252· 3670.9704 300 3803.0749 3804.1546 40 3938.6140 3939.7289 

200 3669.9683 3671.0135 60 3803.9837 3805.0636 50 3942.0724 3943.1882 

80 3682.4859 3683.5343 40 3807.2728 3808.3535 40 3946.4825 3947.5995 

3p 3685.5863 3686.6356 50 3813.8143 3814.8968 60 3948.0298 3949.1473 

30 3688.6577 3689.7077 40 3818.6852 3819.7689 100 3950.3946 3951.5127 

60 3690.6237 3691.6742 60 3820.7918 3821.8761 50 3952.7603 3953.8790 . 

50 3691.4112 3692.4619 300 3828.3844 3829.4706 J 80 3955.1696 3956.2889 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 855 

Th It 11- Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wave!ength wave!ength ten- ·wave!ength wave!ength ten- wave!ength wave!ength 
sity A A sity A A .sity A A 

40 3955.8900 3957.0095 50 4083.4682 4084.6210 15 4230.8238 4232.0152 
IS 3956.4810 3957.6007 50 4085.4339 4086.5873 60 4235.4631 4236.6558 

100 3959.2995 3960.4199 50 4088.7262 4089.8804 10 4243.2605 4244.4552 
40 3962.4190 3963.5402 40 4089.1376 4090.2919 80 4250.3144 4251.5110 

200 3967.3920 3968.5145 15 4096.0756 . 4097.2317 60 4253.5382 4254.7357 

20 3967.6087 3968.7312 20 4097.3183 4098.4747 20 4255.2363 4256.4342 
100 3973.1957 3974.3197 50 4097.7470 4098.9036 50 4256.2535 4257.4516 
20 3979.9583 . 3981.0841 100 4100.3408 4101.4980 60 4257.4959 4258.6943 
20 3987.2046 3988.3322 40 4102.6173 4103.7751 40 4258.5199 4259.7186 
IS 3990.0209 3991.1493 40 4109.3231 4110.4827 20 4259.4935 4260.6925 

80 3990.4919 3991.6204 60 4112.7540 4113.9145 80 4260.3329 4261.5321 
80 3991.7305 3992.8593 50 4115.7584 4116.9197 30 4269.9421 4271.1439 
:\0 399K0608 3Q99.1Q13 15 4123.6005 ' 4124.763B 30 4272.3033 4273.5056 
80 4001.0576 4002.1888 60 4127.4112 4128.5756 40 4272.8738 4274.0763 
30 4001.8930 4003.0245 20 4131.6594 4132.8248 30 4280.5678 4281.7723 

50 4005.0923 4006.2246 15 4131. 7118 4132.8772 20 4286.2284 4287.4344 
30 4009.0110 4010.1443 20 4134.0673 4135.2334 20 4288.6686 4289.8753 
40 4,009.7236 4010.8571 30 4135.4794 4136.6458 40 4291.8100 4293.0175 
50 4011.5914 4012.7254 20 4138.0401 4139.2072 20 4299.6348 4300.8443 

200 4012.4948 4013.6291 10 4143.6485 4144.8171 15 4304.9567 4306.1676 

40 4014.7156 4015.8505 20 4150.0883 4151.2586 20 4306.3663 4307.5777 
40 4018.0985 4019.2342 20 4154.7196 4155.8911 30 4314.3191 4315.5325 
30 4024.8019 4025.9393 80 4158.5350 4159.7075 50 4315.2539 4316.4676 
50 4027.0088 4028.1469 15 4161. 7386 4162.9119 10 4317.8407 4319.0551 
30 4030.2955 4031.4344 10 4163.9479 4165.1218 30 4328.9149 4330.1321 

200 4030.8420 4031.9811 50 4170.5330 4171. 7086 30 4330.8438 4332.0616 
30 4031.0717 4032.2108 20 . 4178.8479 4180.0258 20 4335.7324 4336.9514 
50 4033.7752 4034.9151 IS 4179.2197 4180.3976 80 4337.2769 4338.4963 
60 4033.9066 4035.0465 20 4179.6176 4180.7957 40 4338.1077 4339.3274 
30 4035.7301 4036.8704 20 4184.1376 4185.3168 20 4340.8950 4342.1154 

200 4036.0472 4037.1876 15 4192.3617 4193.5430 ' 50 4342.4437 4343.6645 
15 4039.0222 4040.1634 60 4193.0168 4194.1983 50 4346.4368 4347.6586 

100 4043.3945 4044.5368 20 4194.9357 4196.1177 40 4349.0720 4350.2946 
20 4044.5138 4045.6565 lU 4lUH.H64l 4l1U.U4YY 20 4351.2720 4352.4951 
80 4048.2871 4049.4307 40 4210.7649 4211.9511 30 4353.4482 4354.6719 

20 4054.3015 4055.4467 90 1·210.9227 4212~1090 60 4359.3719 4360.5971 
15 4056.0077 4057.1533 40 4213.0673 4214.2541 . 10 4360.1669 4361.3924 

150 4059.2526 4060.3991 20 4214.8283 4216.0155 20 4369.8754 4371.1034 
150 4064.3312 4065.4790 20 4216.3718 4217.5595 60 4374.1234 4375.3526 
40 4067.4503 4068.5989 20 4220.0648 4221.2534 50 4378.1766 4379.4068 

50 4069.4607 4070.6099 15 4223.5926 4224.7821 15 4384.6559 4385.8879 
15 4070.2378 4071.3872 20 4226.2991 4227.4893 15 438i"7337 4388.9664 
20 4072.6285 4073.7785 

I 

40 4227.3865 4228.5771 15 4391.3897 4392.6234 
40 4075.5029 4076.6536 15 4228.7742 4229.9651 40 4393.7592 4394.9936 
15 4080.3573 4081.5093 30 4229.1473 4230.3384 I 50 4401.5805 4402.8169 
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856 . V. KAUFMAN AND B. EDLEN 

Th I, II-Continued 

In- Air Vacuum In- Air Vacuum \ In- Air Vacuum 
ten- wavelength wavelength ten- wave!ength wave!ength . ten- wave!ength wave!ength 
sity A A sity A A sity A A 

20 ' 4402.2451 4403.4816 20 4561.4934 4562.7720 20 4742.1174 4743.4438 
50 4402.9270 4404.1637 40 4563.6605 4564.9396 20 4745.3371 4746.6643 
80. 4408.8825 4410.1208 15 4564.8350 4566.1145 40 4749.1997 4750.5280 
20 4413.6323 4414.8719 30 4567.2399 4568.5200 30 4749.9711 4751.2995 
50 4416.8447 4418.0851 20 4568.1424 4569.4227 10 4758.1501 4759.4807 

40 4423.7204 4424.9626 10 4571.9563 4573.2376 30 4766.6004 4767.9332 
40 4432.2522 4433.4967 20 4579.8269 4581.1103 10 4773.2408 4774.5754 
40 4438.7465 4439.9927 50 4588.4262 4589.7119 40 4778.2936 4779.6296 
30 4440.2744 4441.5209 50 4592.6661 4593.9529 15 4783.8615 4785.1989 
15 4443.6655 4444.9130 80 4595.4207 4596.7083 20 4786.5308 4787.8689 

20 4445.9010 4447.1490 20 4596.3078 4597.5956 15 4787.1476 4788.4859 
20 4452.5650 4453.8149 10 4599.7049 4600.9936 40 4789.3867 4790.7256 
60 4458.0016 4459.2529 15 4608.6199 4609.9109 lS 4795.9129 4797.2535 
15 4458.7388 4459.9903 15 4613.6043 4614.8967 50 4808.1335 4809.4773 
20 4461.2410 4462.4931 20 4615.0237 4616.3165 20 4809.6138 4810.9581 

, 
20 4461.'/H91 4463.0414 15 4615.3338 4616.6266 15 4812.3754 4813.7204 
20 4463.6655 4464.9183 20 4620.2407 4621.5348 15 4819.1926 4820.5394 
40 4469.5252 4470.7795 15 4621.1626 4622.4569 15 4820.4646 4821.8118 
20 4470.9902 4472.2449 20 4627.2980 4628.5940 15 4821.5876 4822.9351 
20 4472.8460 4474.1012 20 4628.2013 4629.4976 30 4822.8547 4824.2025 

20 4475.2211 4476.4769 15 4633.6182 4634.9158 30 4823.6069 4824.9548 
40 4482.1692 4483.4268 15 4638.6847 4639.9837 20 4823.9971 4825.3452 
30 4483.3465 4484.6044 30 4641.2539 4642.5536 50 4831.1210 4832.4710 
15 4485.7131 4486.9717 15 4647.2507 4648.5519 30 4831.5974 4832.9475 
30 4486.8970 4488.1559 20 4659.5701 4660.8746 40 4840.8429 4842.1954 

20 4490.6689 4491.9288 30 4663.2025 4664.5080 40 4848.3624 4849.7169 
20 4492.1006 4493.3608 20 4666.5158 4667.8222 20 4852.8682 4854.2240 

lOO 4493.3336 4494.5942 50 4666.7985 4668.1049 30 4861.2165 4862.5745 
80 4498.9400 4500.2021 80 4668.1717 4669.4785 30 4865.4771 4866.8362 
50 4499.9832 4501.2456 50 4669.9842 4671.2915 . 15 4868.8812 4870.2412 

50 4505.2163 4506.4800 80 4673.6607 4674.9689 30 4872.9167 4874.2778 
20 4506.4730 4507.7371 20 4675.3762 4676.6849 30 4878.7328 4880.0953 
20 4513.2232 4514.4890 20 4680.2376 4681.5476 40 4894.9547 4896.3216 
40 4513.6807 4514.9467 20 4683.3523 4684.6631 10 4910.1573 4911.5282 
30 4515.1179 4516.3843 50 4686.1946 4687.5062 I 20 4911.3788 4912.7500 

30 4519.2589 4520.5264 30 4690.6215 4691.9342 20 4927.7805 4929.1561 
50 4521.1938 4522.4617 30 4691.6355 4692.9485 15 4936.7744 4938.1524 
20 4530.3189 4531.5893 30 4695.0381 4696.3520 30 4937.8293 4939.2075 
30 4533.0765 4534.3476 50 4703.9897 4705.3059 30 4939.6418 4941.0206 
30 4540.9988 4542.2720 20 4708.2939 4709.6113 20 4943.0637 4944.4434 

20 4547.2494 4548.5242 10 4712.8408 4714.1594 20 4945.4582 4946.8385 
30 4552.1536 4553.4297 80 4723.4379 4724.7593 15 4950.2506 4951.6322 
50 4555.8125 4557.0895 40 4729.1279 4730.4509 20 4965.7313 4967.1170 
30 4558.3458 4559.6236 20 4740.9585 4742.2846 15 4970.0782 4971.4651 
50 4561.3478 4562.6263 15 4741.3037 4742.6299 15 4980.1858 4981.5753 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 857 

Th I, 11- Continued 

In- Air Vacuum In- Air Vacuum In- Air Vacuum 
ten- wavelength wavelength ten- wavelength wavelength ten- wavelength wave!ength 
sity A A sity A . A sity A A 

15 4982.4872 4983.8773 40 5194.4567 5195.9032 40 5407.6536 5409.1570 
30 4985.3723 4986.7632 50 5195.8139 5197.2608 I 40 5410.7688 5412.2730 
15 4989.3084 4990.7003 100 5199.1638 5200.6116 I 20 5415.5222 5417.0277 
50 5002.0969 5003.4922 30 5199.3264 5200.7743 40 5417.4857 5418.9917 
10 5017.5090 5018.9085 20 5205.1518 5206.6012 30 5424.0077 5425.5155 

20 5019.8060 5021.2061 30 5209.7244 5211.1750 15 5431.1117 5432.6214 
30 5028.6555 5030.0579 60 5211.2303 5212.6813 10 5434.1508 5435.6612 

20 5029.8918 5031.2946 40 5213.3491 5214.8006 20 5449.4787 5450.9933 

30 5039.2301 5040.6354 40 5219.1098 5220.5629 30 5452.2186 5453.7338 

20 5044.7665 5046.1732 10 5220.9263 5222.3798 20 5464.2052 5465.7236 

15 5047.0432 5048.4505 100 5231.1597 5232.6160 15 5470.7589 5472.2791 

30 5050.7842 5052.1925 10 5234.1067 5235.5638 10 5479.0742 5480.5966 

50 5051.8879 5053.2965 50 5247.6541 5249.1148 10 5492.6435 5494.1696 

20 5058.3613 5059.7716 15 5254.2604 5255.7228 20 5496.1368 5497.6638 

40 5059.8608 5061.2715 40 5258.3604 5259.8240 30 5499.2550 5500.7829 

20 5061.6565. 5063.0677 20 5260.1040 5261.5681 20 SS04.3022 5505.83]4 

30 5062.9319 5064.3434 30 5266.7102 5268.1760 40 5509.9935 5511.5242 

30 5064.9454 5066.3575 10 5272.9266 5274.3940 20 5514.8728 5516.4048 
100 5067.9735 5069.3863 30 5281.0688 5282.5384 15 5524.5838 5526.1184 
20 5081.4460 5082.8625 20 5294.3973 5295.8705 50 5539.2617 5540.8002 

40 5090.0514 5091.4701 30 5296.2785 . 5297.7522 40 5548.1760 5549.7169 
30 5090.5452 509 l. 9641 30 5297.7429 5299.2170 30 5557.0454 5558.5887 
50 5096.4849 5097.9054 20 5298.2823 5299.7565 40 5558.3422 5559.8858 
15 .5098.9328 5100.3539 30 5300.5233 5301.9981 15 5559.8915 5561.4355 
30 5100.6212 5102.0427 10 5308.3108 5309.7876 20 557i.1929 5572.7399 

30 5101.1301 5102.5518 40 5312.0017 5313.4796 20 5572.4656 5574.0129 
20 5109.7325 5111.1564 40 5312.5287 5314.0067 40 5573.3535 5574.9011 
20 5111.0610 5112.4853 30 5312.9044 5314.3825 30 5579.3585 5580.9078 
50 5115.0445 5116.4699 10 5326.2779 5327.7596 50 558-7.0264 5588.5777 
20 5125.9501 5127.3784 50 5326.9758 5328.4577 30 5595.0635 5596.6169 

30 5128.4895 5129.9185 20 5330.0800 5331.5627 20 5601.6030 5603.1582 
30 5134.7458 5136.1764 50 5343.5811 5345.0673 10 5606.3862 5607.9427 
15 5137.4733 5138.9047 15 5347.9712 5349.4587 40 5615.3200 5616.8788 
20 5140.7734 5142.2057 20 5351.1265 5352.6146 30 5639.7463 5641.3117 
30 5143.9164 5145.3494 30 5358.7074 5360.1977 10 5657.9253 5659.4956 

50 5151.6116 5153.0468 30 5360.1498 5361.6405 20 5665.1809 5666.7530 
50 5154.2430 5155.6788 20 5362.5754 5364.0667 15 5667.1279 5668.7006 
80 5158.6044 5160.0414 20 5369.2814 5370.7745 10 5685.1921 5686.7696 
30 5160.7304 5162~1680 20 5369.4474 5370.9406 20 5700.9177 5702.4995 
40 516l.5393 5162.9771 IS 5370.7093 5372.2028 20 5719.6230 5721.2097 

40 5163.4582 5164.8965 20 5372.7026 5374.1967 50 5720.1826 572l. 7695 
10 5168.9225 5170.3622 50 5386.6106 5388.1084 30 5725.3885 57·26.9767 
50 5176.9608 5178.4027 30 5390.4259 539l.9247 IS 5748.7410 5750.3356 
10 5184.4547 5185.8986 15 5393.9717 5395.4714 

I 

20 5753.0264 5754.6220 
30 5187.3373 5188.7820 I 30 5394.7607 5396.2607 60 5760.5508 5762.1485 
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Thl;" -Continued 

In· Air Vacuum In· Air Vacuum In· Air Vacuum 
ten· wavelength wavelength ten· wavelength wavelength ten· wavelength wavelength 
sity A A sity A A sity A A 

80 6911.2272 6913.1339 15 7361.3485 7363.3764 10 8259.5119 8261. 7823 
20 6916.1286 6918.0365 20 7384.1750 7386.2090 40 8275.6292 8277.9039 
15 6936.6524· 6938.5659 50 7385.5012 7387.5356 50 8320.8572 8323.1441 
80 6943.6109 6945.5263. 10 7411.3175 7413.3589" I 50 8330.4509 8332.7405 
10 6948.3951 6950.3118 20 7418.5505 7420.5938 10 8385.7277 8388.0322 

20 6954.6567 6956.5750 80 7428.9404 7430.9865 20 8445.4874 8447.8080 
10 6955.3156 6957.2341 50 7430.2541 7432.3005 50 8478.3596 8480.6891 
10 6981.0856 6983.0110 20 7444.7489 7446.7993 15 8539.7947 8542.1408 

100 6989.6564 6991.5841 15 7447.8504 7449.9016 ! 10 8556.3278 8558.6784 
50 7000.8058 7002.7366 20 7483.6266 7485.6875 50 8573.1219 8575.4770 

10 7015.3187 7017.2534 20 7598.2042 7600.2960 10 8638.3626 8640.7353 
10 7026.4616 7028.3992 10 7607.8238 7609.9182 I 15 8639.4446 8641.8177 
40 7060.6542 7062.6011 15 7627.1756 7629.2751 i 40 8665.4869 8667.8671 
10 7066.2852 7068.2336 . IS 7636.1756 7638.2776 10 8668.1159 8670.4967 
15 7071.0952 7073.0449 10 7638.7809 7640.8836 20 8709.2361 8711.6280 

15 7109.8606 7111.8208 10 7652.3211 7654.4275 40 8748.0329 875U.4354 
10 7112.9197 7114.8806 20 7653.8290 7655.9358 40 8758.2435 8760.6487 
15 7125.5224 7127.4867 15 7658.3242 766Q.4322 10 8760.4493 8762.8551 
20 7130.7236 7132.6893 10 7710.2694 7712.3914 20 8775.5732 8777.9831 
20 7132.6131 7134.5793 10 7728.9512 7731.0783 10 8792.0582 8794.4725 

40 7148.5600 7150.5306 10 7771.9480 7774.0867 20 8868.8342 8871.2693 
40 7150.2852 7152.2562 10 7810.6251 7812.7742 10 8875.2326 8877.6695 
20 7154.9542 7156.9265 10 7840.2988 7842.4559 50 8967.6410 8970.1028 
30 7159.9468 7161.9204 10 7842.2692 7844.4268 80 9048.2524 9050.7361 
10 7170.3598 7172.3362 50 7847.5399 7849.6990 40 9094.8309 9097.3272 

50 7173.3728 7175.3500 10 7864.0226 7866.1861 20 9119.6361 9122.1391 
40 7200.0455 7202.0299 40 7886.2843 7888.4538 10 9170.8253 9173.3422 
40 7206.4841 7208.4702 15 7954.5942 7956.7821 50 9203.9633 9206.4891 
50 7208.0064 7209.9930 10 7974.1600 7976.3532 50 9266.2079 9268.7506 
10 7216.9075 7218.8964 50 7978.9742 7981.1688 10 9266.9209 9269.4638 

50 7218.0541 7220.0433 20 8032.4329 8034.6419 I 40 9276.2756 9278.8210 
15 7242.3547 7244.3505 20 8085.2196 8087.4429 50 9289.5628 9292.1118 
20 7255.3537 7257.3530 20 8093.6255 8095.8511 30 9340.7057 9343.2686 
10 7270.5583 7272.5617 15 8129.4070 8131.6422 50 9383.2736 9385.8480 
50 7284.9043 7286.9116 20 8138.4765 8140.7142 40 9431.6026 9434.1901 

20 7298.1429 7300.1537 50 8143.1392 8145.3781 50 94fil.0297 9463.6251 
20 7315.0670 7317.0824 40 8159.7294 8161.9728 50 9474.8818 9477.4810 
30 7324.8077 7326.8257 40 8169.7878 8172.0339 
30 7328.2853 7330.3043 10 8207.4797 8209.7360 
15 7339.6065 7341.6285 10 8231.4084 8233.6711 
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2. Wavelengths Less Than 2000 A 
2.1. Synopsis of the Selected Data 

Spectrum' Range (A) Number Uncertainty (A) Page a 

of lines 

H I 1216- 931 6 bO.Oool 860 (866) 
D I 1215- 930 6 b.OOOl 860 (866) 
Hel 591- 320 9- .0005 860(866) 
He II 304- 233 6 b.Oool 860 (866) 
Lill 199- 169 4 .0010 860 (866) 
Lim 135- 103 6 b.OOOl 860 (866) 
Bel 1661-1426 3 .0015 860 (866) 
Be m 100- 83 4 .0015 861 (866) 
Belv 76- 58 6 b.Oool 860 (866) 
BI 1826-1663 6 .0010 861 (866) 
BII 1362- 586 6 .003- 0.001 861 (866) 
B IV 60- 49 4 .0008 861 (866) 
Bv 49- 37 6 b.OOOl 860 (866) 
CI 1994-1157 98 .0015- .0007 861 (866) 
CII 1761- 549 37 .001 0- .0005 861 (867) 
Cm 574- 291 23 .0017- .0004 861 (867) 
CV 41- 33 5 .U005 861 (867) 
C VI 34- 26 6 b.0001 860 (867) 
NI 1745- 953 42 .0010-' .0005 861 (867) 
NIl 1086- 511 40 .003 .001 862 (867) 
N Vll 25- 19 6 b.OOOl 860 (868) 

01 1359- 769 65 .0007- .0003 862 (868) 

o IV 286- 181 22 .0015- .0007 862 (868) 
Ov 220- 125 41 .001 0- .0005 862 (868) 
o vu 22- 17 5 .0010 862 (869) 

o VIII 19- 15 6 b.0001 860 (869) 
Nel 744- 583 19 .0002 862 (869) 
Ne II 1994- 325 94 .0010- .0002 862 (869) 
Na III 272- 196 29 .0020- .0010 862 (869) 
MgI 1828-1668 5 .0010- .0005 862 (870) 
MgII 1753- 907 25 .0015- .0005 862 (870) 
MgIll 234- 169 12 .0015- .0008 863 (870) 
MgIV 184- 132 39 .0015- .0007 863 (870) 
Al II 1991- 912 99 .0015- .0005 863 (870) 
AIm 1936- 511 22 .0020- .0006 863 (871) 
Si I 1992-1568 119 .0010- .0005 863(871) 
Si II 1817-1021 16 .0010- .0005 863 (872) 
Sim 1436- 466 12 .003 - .001 863 (872) 
Si IV 818-362 11 .003 - .001 863 (872) 
SI 1915-1263 51 .0010- .0006 863 (872) 
ClI 1397-1002 53 .0010- .0005 863 (872) 
ClII 1079- 538 152 .0007- .0002 864 (873) 
ArI 1067- 816 15 .0005- .0003 864 (874) 
ArlI 1981- 476 95 . 0004- .0001 864 (874) 
Co. II 1851--:-1342 22 . 0020- .0010 864 (874) 

Sc IV 481- 195 54 . 002 - .001 864 (875) 
Vv 485-,239 15 .002 .001 864 (875) 
MnIl 1935-1162 56 .002 - .001 864 (875) 
Cu II 1990- 676 317 .0004- .0001 8&1 (875) 

Zn I 1632-1404 6 .0010- .0008 864 (877) 
Zn II 1969-1431 26 .003 .001 865 (878) 
Ge I 1999-1624 100 .0006- .0003 865 (878) 
Ge II 1979- 862 2~ .0006- .0003 865 (878) 

KrI 1236- 924 12 .002 865 (879) 
Rb II 742- 497 9 .0010- .0005 865 (879) 
Sr III 563- 322 12 .002 - .0007 865 (879) 
Srlv 710- 264 79 .002 - .0003 865 (879) 
Xel 1470-1068 12 .002 865 (879) 
198Hg I 1849-1213 14 .0002 865 (879) 

a The first page number refers to the text, the number in paren· 
thesis to the table. 

b See the text for a discussion of possible wavelength shifts in 
hydrogen·like spectra. 
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2.2 Comments and Literature References 

HI, D I, He II, Li III, Be IV" Bv, CVI, N VII, o VIII 

The theoretically calculated centers of gravity of 
the two components for the first six lines of the Lyman 
series, Is 2S1/2-np 2P1/2, 3/2, are listed with wavelen~hs 
and wave numbers from Garcia and Mack, adjusted, 
if necessary, to correspond to the natural isotope 
mixture. The uncertainties are about 0.0001 A for 
H I and D I and much less than that for the other 
spectra. However, the possibility exists that self
absorption could shift the observed position of' the 
unresolved doublets toward longer wavelengths by 
up to one-sixth of the doublet interval These intervals 
are. for all Z. 0.0054 A for the first line (n=2) and de
crease approximately as n-3• The properties of the 
.Lyman lines as wavelength standards are discussed 
by Edlen and Svensson. The intensity figures are 
roughly proportional to the theoretical j~values. 

Garcia, J. D., and Mack, J. E., J. Opt. Soc. Am. 55,654 (1965). 
Edlen, B., and Svensson, 1. A, Ark. Fys. 28, 427 (1965). 

4He I 

All wavelengths, except the line at 320 A, were 
calcuiated by Martin from energy levels' based on the 
most accurate observations available. Herzberg's 

, measurement of the lines at 591, 584, and 537 A with 
an uncertainty of 0.0005 A fix the positions of the upper 
levels relative to the ground state and determine the 
uncertainty. The wavelengths of 3He I may be found 
in Herzberg's paper. The intensities are proportional 
to the theoretical I-values. The line at 320 A is from a 
double-excitation term (1~2p 3P-2p 2 3P) but may be 
fairly strong in some sources. The wavelength is from 
Tech and Ward, and its uncertainty is 0.0010 A. 
Martin, W. C., J. Res. Nat. B~r. Stand. (U.S.) A64, 19 (1960) . 
Herzh~rg, G., Pro~. R. Sor.. A24R, ~09 (l9!'lR) . 

Tech, J., and Ward, J. F., Phys. Rev. Lett. 27,367 (1971) . 

Lill 

The wavelengths are derived from the theoretical 
calculations of Pekeris and of Accad et al. by using 
R=109728.622 for the natural isotope mixture of 6Li 
and 7Li. 

Pekeris, C. 1., Phys. Rev. 112, 1649 (1958). 
Accad, Y., Pekeris, C. 1., and Schiff, B., Phys. Rev. A4, 516 (1971). 

Be I 

The wavelengths of these resonance lines hav'e 
been calculated from the term system as determined 
by Johansson and slightly amended by Holmstrom 
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and Johansson. A hollow-cathode discharge was used 
in both cases. The estimated uncertainty is 0.0015 A. 

Johansson, L., Ark. Fys. 23, 119 (1962). 
Holmstrom, J .. E., and Johansson, L., Ark. Fys. 40, 133 (1969). 

Be III 

The wavelengths were derived by Lofstrand by 
combining his measurements with those of Svensson 
and theoretical calculations of Accad et al. A vacuum 
spark was used for the observations. The estimated 
uncertainty is ± 0.0015 A. 
Svensson, L. A, Phys. Scr. 1, 246 (1970). 
Accad, Y;, Pekeris, C. L., and Schiff, B., Phys. Rev. A4, 516 (1971). 
Lofstrand, B., Phys. Scr. 8, 57 (1973). 

BI 

The wavelengths have been calculated by the com
bination principle from measurements given in the 
references listed below. The observations were made in 
emission from hollow-cathode. and high frequency 
sources and in absorption by using the flash-photolysis 
technique. The estimated uncertainties are 0.0010 A. 
Gunnvald, P. and Minnhagen, L., Ark. Fys. 22, 327 (1962). 
Edh;n; B., Olme, A., Herzberg, G., and Johns, J.' W. c., J. Opt. Soc. 

Am. 60; 889 (1970). 
Litzen, U., Phys. Scr. 1, 251 (1970). 

B II 

The data are based on the paper by A. Glme. He used 
a sliding spark in vacuum to observe 76 lines between 
630 and 9660 A. The uncertainties vary from 0.003 A 
at the longest wavelengths to 0.001 A at the shortest 
wavelengths. 

Olme, A., Phys. Scr. 1,256 (1970). 

B IV 

The wavelengths have been derived by B. Lofstrand 
from measurements by Svensson and calculations by 
Accad et al. A vacuum spark was used for the observa

tions. The estimated uncertainty is ± 0.0008 A. 
Syensson, L. A., Phys. Scr. 1,246 (1970). 
Accitu, Y., P~k~ris, C. L., it;lU SchHf, B., Phy:o. Rt:v.A4, 5J(i (1971). 

The tenll :;y:;LeIll wa:; Ievi:;ed aud eXLeuded by 

Johansson by using his measurements of 450 lines 
. between 2478 and 25843 A. Measurements by Herzberg 
of the multiplet at 1329 A and by Kaufman and Ward 
of the multiplets at 1560 and 1656 A and some singlets 
have been used to connect the levels of the ground 
configuration to the rest of the term system. The 
tabulated wave numbers were obtained by adding 
0.01 cm-1 to each ofthe odd levels as given by Johansson 
and adjusting the levels of the ground configuration 
as indicated by Kaufman and Ward. The uncertainties 

are estimated to be about 0.0015 A at the longest 
wavelengths and about 0.0007 A at the short-wave 
end. The intensities are those given by J unkes et al. 

Johansson, L., Ark. Fys. 31,301 (1966). 
Herzberg, G., Proc. R. Soc. A248, 309 (1958). 
Kaufman, V., any Ward, J. F., J. Opt. Soc. Am. 56, 1591 (1966). 
Junkes, J., Salpeter, E. W., and Milazzo, G., "Atomic Spectra in the 

Vacuum Ultraviolet"" Specola Vaticana. (1965). 

CII 

Measurements by Herzberg of the multiplets at 1335 
and 1760 A emitted from a hollow cathode, with an 
estimated accuracy of 0.0007 A, were combined by 
him with Glad's data, derived from a condensed hollow
cathode discharge, to calculate wavelengths by the 
combination principle. EdUm extended and very slightly 
corrected the list. When the fine-structure intel-val 

between two lines is less than 0.0010 A we list a weighted 
mean based on the LS intensity ratio and rounded off 
to three decimals in the wavelength. The intensities 
are adjusted from those given by Edlen. 

Glad, S., Ark. Fys. 7, 7 (1953). 
Herzberg, G., Proc. 'R. Soc. A248.309 (1958). 
Edlen, B. Rep. Prog. Phys. 26, 181 (1963). 

Cm 

The wavelengths were calculated by Bockasten by 
combining the results of his investigation (1920-9000 
A) with those of Edlen (1934). The estimated uncertainty 
in the level values corresponds to 0.0017 A for the 
longest and 0.0004 A for the shortest wavelengths. The 
intensities are adjusted values of those given by Edlen 
(1963). 

Bockasten, K., Ark. Fys. 9, 457 (1955). 
Edlen,B., Nova Acta R. Soc. Sci. Ups. (IV) 9, 153 (1934). 
Edlen, B., Rep. Prog. Phys. 26, 181 (1963). 

Cv 

The wavelengths were obtained by combining 
Svensson's measurements with calculations by Accad 
et al. (see Edlen and Lofstrand). A vacuum spark was 
used for the observations. The estimated uncertainty 
ilS 0.0005 A. 

Svensson, L. A., Phys. Scr. 1,246 (1970). 
Accad, Y., Pekeris, C. L., and Schiff, B., Phys. Rev. A4, 516 (1971). 
EdIen, R7 and Lofstrand7 R7 J. Phys. B3 7 13S0 (1970). 

NI 

The tabulated values have been taken from an un
published list of wavelengths calculated by Eriksson 
from the data contained in the references given below. 
It is an extension and slight improvement of a list 
made by Kaufman and Ward by combining their 
measurements on two vuv multiplets with Herzberg's 
measurement of a third vuv multiplet, Eriksson's 
measurement of a forbidden transition within the ground 
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eonfiguration, and the higher energy levels as given by 
Eriksson and Johansson. The observations were made 
with hollow cathodes or electrodeless discharge lamps. 
The uncertainties are 0.0010 A for the longest wave
lengths and decrease to 0.0005 A for the shortest. 
Wavelengths given with three decimals correspond to 
the theoretical (LS) center of gravity of two lines less 
than 0.010 A apart. The intensities are based on· those 
given by Kaufman and Ward. 

Eriksson, K. B. S., Ark. Fys. 13,429 (1958). 
Herzberg, G., Proc. R. Soc. A248, 309 (1958). 
Eriksson.K. B. S., and Johansson, I., Ark. Fys. 19,235 (1961). 
Eriksson, K. B. S., Ark. Fys. 33,357 (1966). 
Kaufman, V .• and Ward, J. F., Appl. Opt. 6,43 (1967). 
~riksson, K. B. S.,.and Pettersson, J. E., Phys. Scr. 3,211 (1971). 

Nil 

The term system was derived by Eriksson on the basis 
.of new observations with a spark-generated high fre
quency electrodeless discharge in the air region and a 

combination of new and old measurements 'in the vuv. 
His calculated wavelengths listed below range in uncer
tainty from 0.003 A at the longest to 0.001 A at the 
shortest wavelengths. The intensities are those given by 
Edlen. 

Eriksson, K. B. S., Ark. Fys. l3, 303 (1958). 
Edlen, B., Rep. Prog. Phys. 26, 181 (1963). 

01 

The wavdeugllH; an:; [rum Erik:;:;Ull and hLelg and 
have stated uncertainties of 0.0005 A or less. The wave
lengths were calculated from energy levels based on 
observations with an electrodeless discharge main~ 

tained by pulsed high-frequency oscillations. The 
intensities are based on those given by Edlen. 

Eriksson. K.B.S., and Isberg, H. B. S., Ark. Fys. 37,221 0968). 
Edlen, B., Rep. Prog. Phys: 26, 181 (1963). 

o IV 

The spectrum was studied by Bromander in the wave
length region 500-8000 A. A theta-pinch discharge was 
used as the light source. The levels were derived from 
these new measurements together with a number of 
combinations between levels with n = 2 and n = 3 from 
Edlen's wavelength list. The wavelengths are calcu
lated from the derived level system and have estimated 
uncertainties ranging from 0.0015 to 0.0007 A. The 
intensities are based on Edlen's observations. 

Bromander, J., Ark. Fys. 40,257 (1969). 
Edlen, B., Nova Acta R. Soc. Sci. Ups. (IV) 9,153 (1934). 

Ov 

The spectrum was studied by Bockasten and Johans
son who measured 126 lines in the wavelength region 
340-7700 A. A theta-pinch discharge was used as the 
light source. The levels were derived from these new 
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measurements together with 31 additional lines in the 
region 172-287 A measured by Edlen. The wavelengths 
are calculated from the derived level system and have 
estimated uncertainties ranging from 0.0010 to 0.0004 A. 
The intensities are obtained from Edlen's observations. 

Bockasten, K., and Johansson, K. B .. Ark. Fys. 38,563 (1968). 
Edlen, B., Nova Acta R. Soc. Sci. Ups. (IV) 9~ 153 (1934). 

o VII 

The wavelengths have been derived by B. Lofstrand 
from measurements by Svensson and calculations by 
Accad et al. A vacuum spark was used for the observa
tions. The estimated uncertainty is 0.0010 A. 
Svensson, L. A., Phys. Scr. 1.,246 (1970). 
Accad, Y, Pekeris, C. L. and Schiff, B., Phys. Rev. A4, 516 (1971). 

Nel 

The list is extracted from the paper by Kaufman and 
Minnhugen. They used a high frequency pulsed dis 

charge to measure the resonance line at 743 A, therehy 
connecting all levels to the ground term. The uncertain
ties are about 0.0002 A. 
Kaufman, V., and Minnhagen, L., J. Opt. Soc. Am. 62, 92 (1972). 

Ne II 

The data are taken from the work of Persson. He used 
a water-cooled hollow-cathode discharge to observe 1250 
lines in the range from 300 to 11000 A. For the first part 

of the list the uncertainties are estimated to range from 
0.0010 A at 1994 A to 0.0003 A at 1069 A. The uncertain
ties in the shorter wavelengths are 0.0003 A or less. 

Persson, W., Phys. Ser. 3, 133 (1971). 

Na III 

The list is extracted from the paper by Lundstrom 
and Minnhagen. They used a sliding spark source and 
observ~d 91 lines between 180 and 380 A. The uncertain
ties range from 0.002 to 0.001 A. 
Lundstriim. T., and Minnhagen, L., Phys. Scr. 5,243 (1972). 

Mgl 

The wavelengths of these resonance lines have been, 
calculated by G. Risberg from observations with a 

water-cooled hollow cathode with estimated uncertain
ties of 0.0010 to 0.0005 A. 
fibbt:l." G., Ad\.. Fy::o. 20,301 (196G). 

MgU 

The wavelengths and wave Humber:; han: L~eu cal~ 
culated by P. Risberg from observations with a water
cooled hollow cathode. The uncertainty is estimated to 
range from 0.0015 to 0.0005 A. decreasing with wave-
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length. The intensities are estimated from series rela
tionships and theoretical formulae for LS coupling. 

Risberg, P., Ark. Fys. 9,483 (1955). 

Mgm 

The data are from the references below. The authors 
used a high-voltage, water-cooled, sliding spark for 
the observation of the spectrum in the wavelength 
ranges 720-6600 A and 157-234 A, respectively. The 
intensities are from Lundstrom. The uncertainty is esti
mated to be 0.0015 A or less. 

Andersson, E., and Johannesson, G.·A., Phys. Sere 3,203 (1971). 
Lundstrom, T., Phys. Sere 7,62 (1973). 

Mglv 

With the exception of the lines at 160 A, the wave 
numbers and wavelengths are averages of the calcu
lated values from the two references. The mean differ
ence between the two sets of data is 0.0004 A. The 

wavelengths at 160 A are from 10hannesson et al., as 
are all of the intensities. The uncertainties are estimated 
to he 0~0015-0.0007 A. 
Johannesson, G.-A., Lundstrom, T., and Minnhagen, L., Phys. Sere 

6, 129 (1972). 
Artru, M.-C., and Kaufman, V., J. Opt. Soc. Am. 62,949 (1972). 

AI II 

The data are from a recent investigation by Kaufman 
and Hagan who have made them available in advance of 
publication. They used a water-cooled hollow cathode. 
The stated uncertainties are about 0.001 A. 

Aim 

The wavelengths and wave n~mbers are from Isberg. 
He derived them on the basis of his measurements in 
the air region and measurements in the vuv by Kaufman 
and W ard (contained in the cited reference). Isberg used 
a sliding spark in vacuum and Kaufman and Ward used 

a water-cooled hollow cathode. The uncertainties range 
from 0.002 to 0.0006 A, decreasing with the wavelength. 
The intensities are partly estimated from series 
relationships. 

Isberg, B., Ark. Fys. 35,551 (1968). 

Si I 

Radziemski et al. (1967) used all available low
pressure source data (hollow cathode and electrodeless 
discharges) from the other listed references to re
determine the positions of the energy levels. Most of 
the listed wavelengths and wave numbers are cal
culated from these energy levels and some are taken 
from the measurements of Kaufman et al. The uncer
tainties are, in almost all cases, less than ± 0.001 
A. The intensities are from Kaufman et al. 

Litzen, V., Ark. Fys. 28,239 (1965). 
Radziemski, L. J., Jr., and Andrew, K. L., J. Opt. Soc. Am. 55,474 

(1965). 
Litzen, V .. Ark. Fys. 31, 453 (1966). 
Kaufman, V., Radziel11ski, L. J._ Jr .• and Andrew, K. L., J. Opt. Soc. 

Am. 56, 911 (1966). 
Radziemski, L. J .. Jr., Andrew, K. L., Kaufman, V., and Litzen, 

V.,J. Opl. Soc. Am. 57.336 (1967). 

Si II 

Shenstone reobserved the spectrum from 700 to 
9500 A and determined the energy levels. Kaufman 
and Ward measured a few vuv multiplets, determined 
both the positions of the upper levels with respect to 
the ground term, and the splitting of the ground term. 
The calculated values listed below have been adjusted 
by Kaufman and differ slightly from those published. 
The UllCtalaintie:s an::: about 0.0010 A. The intenaitiea 

were e~timated by Kaufman. 

Shenstone. A. G., Proc. R. Soc. A261, 153 (1961). 
Kaufman, Y., and Ward, J. F., J. Opt. SOl:. Alii. 56,1591 (1%6). 

Sim and Si IV 

The lists are based on the work of Toresson who used 

a sliding spark in vacuum. His intensities have been 
transformed to a linear scale. The uncertainties are 
probably in the range from 0.003 to 0.001 A, but this 
estimate needs checking. New measurements of some 
key ~ultiplets should be made in order to improve the 
accuracy and to make it possible to add to the lists 
a number of strong lines of potential value as references. 

Toresson, Y., Ark. Fys. 18,389 (1960), Si III. 
Toresson, Y., Ark. Fys. 17, 179 (1960), Si IV. 

lakobsson's investigation of the infrared spectrum 
of sulfur provided relative level values among some 
of the excited terms to better than ±0.01 cm- I • Un
published measurements by Kaufman in the spectral 
region below 2000 A using an electrodeless discharge 

.lamp led to the determination of the levels of the 
ground configuration to about ± 0.03 cm -1 and provided 
an accurate connection between the ground and ex
cited term:5. Erik:5:5on accurately meaaured two for

bidden transitions within the ground configuration, 
redetermining the relative positions of the singlet levels. 
The list contains both calculated and measured wave
lengths, all of which have uncertainties of 0.0010 A 
or less. The intensities were ,estimated by Kaufman. 

Jakobsson, L. R .. Ark. Fys. 34, II) (1967). 
Eriksson, K. B. S., J. Opt. Soc. Alii. 63,631 (1973). 

ell 

Radziemski and Kaufman observed this spectrum 
from 950 to 12000 A. They combined their measure-, 
ments from electrodeless discharge lamps with the 
infrared data of Humphreys and Paul and some un-
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puhlished VlIV lIlea~lJrements by L. Minnhagen so as 
to arrive at a list of calculated and measured vuv 
wavelengths. Those listed below have uncertainties of 
0.0010 to 0.0003 A. The intensitie~ are based on those 
of Radziemski and Kaufman. 

Radziemski, L. J., Jr., and Kaufman, V., J. Opt. Soc. Am. 59,424 
(1969). 

Humphreys, C.]., and Paul, E., Jr., J. Opt. Soc. Am. 49,1180 (1959). 

CII! 

The data are from Radziemski and Kaufman who 
used high frequency pulsed discharge and ring discharge 
lamps, and have stated uncertainties of 0.0007 to 
0.0002 A. The wavelengths were calculated from 
energy levels derived from an analysis of the spectrum 
observed from 500 to 11000 A. 

Radziemski, L. J., Jr., and Kaufman, V., J. Opt. Soc. Am. 64, 366 
(1974). 

An 

The data are from a recent investigation by L. 
Minnhagen. He used a high-frequency pulsed discharge 
lamp. The uncertainties range from 0.0005 to 0.0003 A. 
Minnhagen, L., J. Opt. Soc. Am. 63, 1185 (1973). 

Arll 

The wavelengths from 1983 to 1559 A have been 
calculated by Norlen from his interferometric measure
ments in the visible region. The uncertainties are about 
0.0001 A. The data for the transitions to the ground 
term (A. 932-475 A) were given by Minnhagen. In
significant adjustments for some lines derive from 
the use of Norlen's improved relative values for the 
upper levels. The uncertainties for this group of lines 
Jt::l .. aea:;e a::; All fJUJU 0.0004 A fUI" the luuge::;t WClve
length to 0.0001 A for the shortest. 

Minnhagen, L., J. Opt. Soc. Am. 61, 1257 (1971). 
Nurlen, G., Phys. Ser. 8, 249 (1973). 

Ca II 

H. Edlen and P. Risberg observed the spectrum in 
the region 3000-12000 A with a hollow cathode. Using 
their new measurements and some interferometric 
measurements of Wagman, they recalculated the term 

system with an accuracy of about ± 0.03 cm -1, and 
derived Ritz wavelengths with uncertainties of less 
than 0.002 A. The work of G. Risberg led to a slight 
revision of a few of the calculated wavelengths. The 
intensities are those of Edlen, slightly modified, and 
are based on LS-coupling intensity relations. 

Edlen, B., and Risberg, P., Ark. Fys. 10,553 (1956). 

Wagman, N. E., Univ. Pittsburgh Bull. 34, 1 (1937). 
Risberg, G., Ark. Fys. 37,231 (1968). 
Edlen, B., Rep. Prog. Phys. 26, 191 (1963). 
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SCIV 

The data are from Smitt, who used a sliding vacuum 
spark to record and measure some 300 lines from 180 
to 2500 A and included in his analysis about 100 addi
tional lines from 2400 to 7700 A, measured by J.-E. 
Holmstrom. We give the calculated wavenumbers and 
wavelengths for 54 lines from 481 to 195 A. The un
certainties are estimated to range from 0.002 to 0.001 A. 
Smitt, R., Phys. Ser. 8,292 (1973). 

Vv 

The data are from Ekberg, who derived the levels 
by combining his own measurements with those of 
Van Deurzen. The stated uncertainty of these calcu
lated wavelengths is 0.001 A. The light source was a 
sliding vacuum spark. 

Ekberg, J. 0., Phys. Scr. 9,96 (1974). 
Van Deurzen, C. C. H., Ph.D. thesis, University of California, Berkeley, 

Cal. (1973). 

Mn II 

A complete analysis by Iglesias and Velasco using 
arcs and sparks in helium led to the calculation of these 
wavelengths by Iglesias. The energy levels were deter
mined from visible and infrared lines with an accuracy 
of ±0.02 C~-l. The wavelengths have stated errors 
which vary from ± 0.002 A at the longest wavelengths 
to ± 0.001 A at the shortest. The intensities are ad
justed values of those given by Iglesias. 

Iglesias, L., An. R. Soc. Esp. Fis. Quim. 6o-A, 147 (1964). 

Iglesias, L., and Velasco, R., Pub!. Inst. Opt. Madrid No. 23, 228 pp. 
(1964). 

Cu II 

The wavelengths were calculated by Ross from a 
revised and extended term system based upon his 
observation and measurement of about 2000 lines 
between 2000 and 11000 A and the measurement of 
a few vuv lines by Kaufman and Ward. Over 1000 
lines were measured interferometrically by Ross. The 
estimated uncertainties in the calculated wavelengths 
are ± 0.0004 A or less. The intensities given are pri· 
marily those of Shenstone. 

Ross, C. B., Jr., Unpublished Ph. D. Thesis, Purdue Univ. (1969). 
Kaufman, V., and Ward, J. F., J. Opt. Soc. Am. 56, 1591 (1966). 
Shenstone, A. G., Proc. R. Soc. Lond. A235, 195 (1936). 

Znl 

These wavelengths for the resonanCe series were 
calculated by Johansson and Contreras from a level 
system based on their own grating measurements 
and on the interferometric measurements uf HeLz.lel, 
Boreman and Burns. The uncertainty is 0.001 A or 
less. The intensity figures are based on theoretical 
estimates. 
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johansson, I., and Contrer~s, R., Ark. Fys. 37,513 (1968). 
Hetzler, C. W., Boreman, R. W., and Burns, K., Phys. Rev. 48, 

656 (1935). 

Zn II 

The data are from Martin and Kaufman, who meas
ured 130 lines in the range 2105-1400 A using hollow 
cathode and sliding spark sources. They combined 
their data with those of Crooker and Dick to derive 
Boyne revised level values. These cfllclllHtp.rt wave

lengths have estimated uncertainties of 0.003 to 0.001 A. 
Martin, W. c., and Kaufman V., J. Res. Nat. Bur. Stand. (U.S.) 74A, 

II (1970). 

Crooker, A. M., and Dick, K. A., Can. J. Phys. 46, 1241 (1968). 

Gel 

Most of the wavelengths and wave numbers are 
from Kaufman and 'Andrew who calculated them from 
interferometrically determined energy levels. A few 
of the lines were directly measured against those which 
had been calculated. The measured values and the 
intensities are from Kaufman, Radziemski, and Andrew. 
Thp. ~Pp.ctro~copic ~ources included both electrodeless 
and hollow-cathode discharges. The wavelength un
certainties are less than 0.001 A. 
Kaufman, V., and Andrew, K. L., J. Opt. Soc. Am. 52, 1223 (1962). 
Kaufman, V., Radziemski, L. J., Jr., and Andrew, K. L., J. Opt. Soc. 

Am. 56, 911 (1966). 

Ge II· 

The energy levels from which the wavelengths have 
·been calculated are based upon the re~analysis of the 
spectrum by Shenstone, some interferometric measure
ments in the air region by Kaufman and Andrew, and 
the accurate measurements of a fewvuv multiplets 
by Kanfman, Radziemski, and Andrew and by Kaufman 

and Ward. The spectroscopic sources were cooled 
hollow cathodes and electrodeless lamps. The uncertain
ties are estimated to be 0.0006 A or less. The intensities 
are based on those given by Shenstone. 

Shenstone, A.G., Proc. R. Soc. Lond. A276, 293 (1963). 
K~ufman, V., and Andrew, K. L., J. Opt. Soc. Am. 52, 1223 (1962). 
Kaufman, V., Radziemski, L. J., Jr., and Andrew, K. L., J. Opt. Soc. 

Am. 56,911 (1%6). 
Kaufman, V., and Ward, J. F., J. Opt. Soc. Am. 56, 1591 (1966). 

Kr I, and Xe I 

Petersson determined the position of the ground 
level1So with respect to the excited levels by measuring 
three and five of the longest vuv wavelength lines in 
Kr I and Xe I, respectively, to ± 0.003 A. This allowed 
him to calculate the vuv wavelengths with uncertainties 
of about 0.002 A. He used a low-pressure electrodeless 

lamp excited by pulsed high-frequency oscillations. 
The intensities for Kr I are based on those observed 
by Boyce. The intensities for Xe I are estimated by 
analogy with Kr 1. 

P etersson, B., Ark. Fys. 27, 317 (1964). 
Boyce, 1. C., Phys. Rev. 47, 718 (1935). 

Rbu 

The wave numbers are from Reader, who extended 
the work of Reader and Epstein. About 540 lines of 
this spectrum have been observed and identified 

. in the range 466 to 8870 A. The light sources were 
sliding spark and pulsed, high-frequency electrodeless 
discharges. Thp. nncp.Ttalntlp.~ of the upper levels of 
these transi~ions relative to the ground (ISO) state are 
approximately 0.2 em -1, giving estimated uncertainties 
of 0.0010 to 0.0005 A in the calculated wavelenghts. 
The intensities are from Reader and Epstein. 

Reader, J., and Epstein, G. L., J. Opt. So<":. Am. 62, 273~(1972). 
Reader, J., private co~rnunication (1974). 

Sr III 

The ·wave numbers were calcuiated by Persson and 
Valiild who observed and identified 590 lines of this 
spectrum in the range from 350 to 9770 A. The light 
source was a sliding vacuum spark. They fixed the 
position of the ground level by using a weighted average 

. of their own measurements and those of Reader, Ep

stein, and Ekberg of the first four resonance lines. 
This gives an estimated uncertainty in the absolute 
values ranging from 0.002 to 0.0007 A, but the errors 
in the relative values . are much smaller. The intensities 
are from unpublished observations kindly communi
cated by Persson. 

Persson, W., and Valind, S., Phys. Scr. 5, 187 (1972). 
Reader, I., Epstein, G. L., and Ekberg, J. 0., J. Opt. Soc. Am. 62, 

273 (1972). 

Snv 
The data are obtained from an investigation by Hansen 

and Persson in which they have measured and classified 
570 51· IV line~ from 250 to 6000 A. The light source 
was a sliding vacuum spark. The wavelengths for the 
first two lines in the list (AA710 and 664) are the measured 
values by m~ans of which the two ground levels were 
fix~d" For the remaining lines we give wave numbers 
and wavelengths as calculated from the level system. 
The uncertainties in the absolute values range from 
0.002 to 0.0003 A, decreasing in proportion to A2. 

Hansen, J. E., and Persson, W., to be pUblished in Phys. Scr. (1974). 

198Hg I 

Wavelengths and wave numbers for Hg 198 are taken 
{rom Herzberg (1956), who estimated the accuracy 
to be 0.0002 A. The intensities are adapted from Junkes 
et a1. (1965). The wavelengths of natural mercury are 
longer than those of Hg 198 by about 0.005 A for A 
1849 and about 0.002 A for the other lines, according 
to Edh~n. 

Herzberg, G., Proc. R. Soc. A234,516 (1956). 
Junkes, J., Salpeter, E. W., and Milazzo, G., "Atomic Spectra in 

the Vacuum Ultraviolet", Specola Vaticana (1965). 
Edlen, B., Rep. Prog. Phys. 26,181 (1963). 

J. Phys. Chem. Ref. Data, Vol. 3, No.4, 1974 



866 

In- WaveJength 
ten- A 
sity 

HI 
100 1215.6701 
20 

7 
3 
2 
1 

100 
20 

7 

3 
2 

100 
25 

10 
5 
3 
2 

1 
2 

100 
20 

7 
3 
2 
1 

100 
25 
10 

5 

100 
20 

7 
3 
2 

100 
30 
IS 

100 
25 
10 
5 

1025.7223 
972.5368 
949.7430 
937.8035 
930.7483 

D I 

1215.3394 
1025.4433 
972.2722 

949.4847 
937.5484 
930.4951 

He I 
591.4117 
584.3340 
537.0296 

522.2128 
515.6165 
512.0982 
509.9979 
508.6431 
320.2926 

Hell 
303.7822 
256.3170 
243.0266 
237.3307 
234.3472 
232.5842 

Lill 
199.2793 
178.0144 
17L5758 

168.7430 

Li III 
134.9977 
113.9051 
107.9990 
105.4679 
101.1421 

103.3586 
Be I 

1661.4790 
1491. 7647 
1426.1167 

Be III 
100.2552 
88.3088 
84.7545 
83.2001 
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2.2.a. Vacuum Ultraviolet Linelist by Spectrum 
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64.0648 
60.7431 
59.3195 
58.5739 
58.1333 

13 I 

1826.3996 
1825.8961 
1818.3494 

1817.8454 
1663.0324 
1662.6107 

B II 
1362.461 
1230.168 
978.946 

864.069 
693.947 
586.1955 

B IV 

60.3145 
52.6807 
50.4342 
49.4555 

Bv 
48.5874 
40.9964 
38.8709 
37.9599 
37.4828 
37.2008 

C I 
1993.6212 

1930.9056 
1765.3659 
1763.9089 
1751.8270 
1658.1212 
1657.9068 
1657.3792 

1657.0082 
1656.9283 
1656.2672 
1608.4379 
1606.9600 
1602.9715 
1561.4384 
1561.3402 
1560.7090 
1560.6822 

1560919 
1646277 
1685785 
1707246 
1720186 

54752.53 
54767.63 
54994.93 

55010.18' 
60131.12 
60146.37 

73396.60 
81289.72 

102150.63 

115731.56 
144103.17 
170591.55 

1657976 
1898228 
1982783 
2022018 

2058148 
2439238 
2572622 
2634358 
2667893 
2688113 

50159.98 

51789.17 
56645.48 
56692.27 
57083.26 
60309.22 
60317.02 
60336.22 

60349.73 
60352.64 
60376.73 
62172.12 
62229.30 
62384.14 
64043.51 
64047.54 
64073.44 
64074.54 

2 
3 
8 
2 
4 
2 

15 
i 2 

3 

3 
12 
20 
10 

12 
4 
2 

6 
10 
4 

10 
2 
4 
3 
3 
2, 
3 
2 

10 
2 
3 
5 
2 
8 
6 
2 

20 
6 

8 
2 
4 

3 
2 
8 

30 
3 

20 
10 

4 
2 
3 

1545.2485 
1543.9594 
1542.1769 
1541.5099 
1510.9812 
1492.7376 
1481. 7631 
1472.2317 
11·70.091,0 

1468.4106 
1467.4024 
1463.3367 
1459.0314 
1364.1639 
1359.2753 
1357.6593 

1357.1345 
1354.2886 
1329.6005 
1329.5775 
1329.1233 
1329.1,004 
1329.0853 
1328.8333 
1315.9184 
1313.4648 
1311.9244 
1311.3629 
1310.6372 
1289.9775 
1288.4226 
1288.0370 
1280.8471 
1280.5971 
1280.4043 
1280.3330 
12HU.l:1S1 

1279.8905 
1279.4978 
1279.2287 

1279.0559 
1277.9539 
1277.7230 
1277.5497 
1277 .5131 
1277.2824 
1277.2452 
1276.7499 
1276.4823 
1274.9841 

64714.51 
64768.54 
64843.40 
64871.46 
66182.16 
66991.01 
67487.17 
67924.09 
68022.86 

68100.84 
68147.63 
68336.97 
68538.62 
73304.97 
73568.61 
73656.10 

73684.66 
73839.50 
75210.56 
75211.86 
75237.56 
75238.86 
75239.71 
75253.98 
75992.55 
76134.51 
76223.90 
76256.54 
76298.76 
77520.73 
77614.28 
77637.52 
78073.33 
78088.57 
78100.33 
78104.68 
7Hl16.75 

78131.68 
78155.66 
78172.10 

78182.66 
78250.08 
78264.22 
78274.84 
78277.08 
78291.22 
78293.50 
78323.87 
78340.29 
78432.35 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 867 

2.2.0. Vacuum Ultraviolet linelist by Spectrum - Continued 

In- Wavelength Wave number In- Wavelength Wave number In- Wavelength Wave number 
ten- A cm-I ten- ' A cm-I ten- A cm-I 

sity shy sity 

CI - Continued C II - Continued N I 

2 1266.4151 78963.05 60 903.6235 1l0665.56 20 1745.2603 57298.04 
10 1261.5520 79267.44 40 858.5590 116474.23 40 1745.2485 57298.43 
5 1261.4258 79275.37 20 858.0918 116537.65 100 1742.7309 57381.20 
5 1261.1224 79294.44 120 687.346 145487.1 20 1742.7192 57381.59 
3 1260.9963 79302.37 '60 687.0526 145549.27 250 1494.6751 66904.17 
4 1260.9267 79306.75 4 636.2511 157170.65 ; 50 1492.8195 66987.33 
5 1260.7353 79318.79 2 635.9945 157234.07 400 1492.6254 66996.05 
8 1194.6146 83709.00 20 595.022 168061.0 30 1411.9483 70824.12 

10 1194.4883 83717.85 10 594.8000 168123.74 20 1411.932 70824.93 
'6 1194.4056 83723.65 10 560.4369 178432.2 6 1326.570 75382.39 

4 1194.3010 83730.98 5 560.2394 178495.11 12 1319.675 75776.23 
4 1194.2294 83736.00 2 549.5700 181960.44 6 1319.001 75814.98 

10 1194.0636 83747.63 10 549.5110 181979.99 12 1310.944 76280.90 
4 1193.9953 83752.42 4 549.3785 182023.86 18 1310.5403 76304.40 

10 1193.3933 83794.67 2 549.3195 182043.41 30 1243.307 80430.69 
4 1193.2644 83803.72 C III 50 1243.178 80439.00 

30 1193.2402 83805.42 120 574.2809 174130.82 4 1228.790 81380.87 
4 1192.4508 83860.90 10 565.5280 176825.89 4 1225.369 ' 81608.05 
2 1192.2173 83877.32 200 538.3120 185765.89 6 1225.0257 81630.94 

20 1189.6308 81.059.69 120 538.1487 185822.25 150 1200.7090 03207.07 
15 1189.4470, 84072.68 40 538.0801 185845.94 350 1200.2233 83317.83 
8 1189.2488 84086.69 40 535.2885 186815.15 500 1199.5496 83364.62 
6 1189.0651 84099.68 40 511.5225 195494.81 5 1177.6948 84911.64 

15 1188.9926 84104.81 10 492.6500 202983.86 9 1176.5098 84997.17 
6 1188.8330 84116.10 1 477.6246 209369.47 7 1168.5358 85577.18 
4 1158.9667 86283.75 15 460.0487 217368.31 2 1168.3344 85591.93 

15 1157.9095 86362.53 25 450.7338 221860.45 10 1167.4485 85656.89 
3 1157.4055 86400.14 15 433.3391 230766.17 2 1164.3246 85886.70 
4 1156.5602 86463.29 1 411.9577 242743.39 3 1163.8836 85919.25 

CII 10 389.0898 257010.06 300 1134.9803 88107.26 
6 1760.8191 56791.75 6 389.p045 257066.42 200 1134.4149 88151.17 
2 1760.4735 56802.90 2 388.9687 257090.11 100 1134.1653 88170.57 

12 1760.3954 56805.42 300 386.2028 258931.29 2 1100.3597 90879.37 
600 1335.7077 74866.68 5 363.0590 274911.21 2 1098.2599 91053.13 

90 1335.6627 74869.20 3 363.7852 274887.52 2 1098.0951 91066.80 
300 1334.5323 74932.62 1 363.7538 274831.16 5 1097.2372 91138.00 

2 1323.9955 75528.96 16 322.5741 310006.32 2 965.0413 103622.51 
15 1323.9513 75531.48 10 310.1697 322404.20 4 964.6256 103667.16 
10 1323.9059 75534.07 4 291.3261 343258.03 6 963.9903 103735.48 
2 1323.8617 75536.59 Cv 6 953.9699 104825.11 
2 1141.7445 87585.27 5 40.7306 2455154 4 953.6549 104859.73 
4 1141.6246 87594.47 100 40.2679 2483370 2 953.4152 104886.10 
4 1139.3317 87770.75 25 34.9729 2859359 NIl 
2 1138.9358 &7&OL26 10 33.4264 2991648 150 1085.701 92106.4 

10 1066.1332 93796.91 5 32.7545 3053017 ,30 1085.546 92119.5 
2 1065.9199 93815.68 C VI 2 1085.529 92121.0 

18 1065.8913 93818.20 100 33.7360 2964195 80 1084.580 92201.6 
300 1037.0182 96430.32 20 28.4656 3513015 30 1084.562 92203.1 
150 1036.3367 96493.74 7 26.9898 3705107 40 1083.990 92251.8 
60 904.4801 110560.75 3 26.3573 3794016 150 916.704 109086.5 

300 904~ 1416 110602.14 2 26.0260 3842310 60 916.015 109168.5 

120 903.9616 110624.17 1 25.8303 3871429 30 915.962 109174.8 
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868 V. KAUFMAN AND B. EDLEN 

2.2.0. Vacuum Ultraviolet Linelist by Spectrum - Continued 

In- Wavelength Wave number In- Wavelength Wave number In- Wavelength Wave number 
ten- A em- I ten- A em- I ten- A em- l 

sity sity sity 

NIl-Continued 
I o I-Continued o I - Continued 

30 915.612 109216.6 50 1025.7618 97488.52 8 769.4083 129970.00 
100 775.965 128871.7 30 999.4974 100050.28 3 769.3528 129979.38 

10 748.'369 133624.0 15 990.8010 100928.44 o IV 
15 746.984 133871.6 30 990.2043 1009"89.26 8 285.8335 349854.0 
5 745.841 134076.9 12 990.1269 100997.16 4 285.7103 350004.9 
5 672.001 148809.4 60 988.7734 101135.41 120 279.9330 357228.3 
5 671. 773 148859.9 12 988.6549 101147.53 60 279.6309 357614.3 
3 671.630 148891.5 4 978.6170 102185.02 30 260.5560 383794.7 
4 671.411 140940.2 12 977.9594 102253.73 2 260.5465 303008.6 

15 671.386 148945.7 20 976.4481 102412.00 45 260.3889 384041.0 
5 671.016 149027.8 6 973.8852 102681.51 60 238.5792 419148.0 

25 660.286 151449.5 20 973.2342 102750.19 540 238.5697 419164.7 
30 645.178 154995.9 30 971. 7381 102908.39 300 238.3598 419533.9 
20 644.837 155078.0 2 952.9413 104938.26 1 214.2046 466843.4 
10 644.634 155126.7 6 952.3178 105006.97 5 214.1516 466958.9 
3 635.197 157431.4 10 950.8846 105165.23 2 214.0277 467229.3 
3 582.156 171775.2 4 950.7327 105182.03 1 213.9747 461344.9 
5 574.650 174019.0 12 950.1121 105250.74 9 207.2386, 482535.7 
3 533.815 187330.8 20 948.6855 105409.01 5 207.1826 482666.1 
8 533.729 187361.1 3 939.2346 106469.67 2 203.0437 492504.9 
3 533.650 187388.9 2 938.6249 106538.83 1 202.8847 492890.9 
5 533.581 187412.9 6 938.0200 106607.54 15 196.0063 510187.8 
3 533.511 187437.6 5 937.8405 106627·93 8 195.8596 510569.7 
5 529.867 188726.6 10 936.6295 106765.80 2 181.2756 551646.1 
2 529.722 188778.4 30 935.1930 106929.80 I 181.1497 552029.6 
2 529.637 188808.7 3 930.8862 107424.51 Ov 
1 529.491 188860.5 5 929.5168 107582.78 450 220.3527 453817.9 
2 529.413 188888.5 10 922.0727 108451.31 50 215.2448 464587.4 
2 529.355 188909.2 10 922.0081 108458.92 30 215.1028 464894:1 
1 ,513.849 194609.6 15 882.8895 113261,.1.6 10 215.0398 465030.2 
2 510.758 195787.4 8 879.5507 113694.41 100 207.7956 481242.1 

N VII 10 879.1001 113752.69 IS 202.3906 494094.2 
100 24.7810 4035348 6 879.0194 113763.13 5 202.3316 494238.1 
20 20.9098 4782437 8 878.9720 113769.27 5 202.2805 494363.0 

7 19.8258 5043927 10 878.2007 113869.19 3 202.2216 494506.9 
3 19.3613 5164954 30 877.8787 113910.96 4 202.1580 494662.6 
2 19.1179 5230695 10 877.7983 113921.39 30 194.5919 513896.1 
1 18.9741 5270333 5 812.1594 123128.54 4 193.0058 518119.1 

o I 7 812.0936 123138.51 75 192.9111 518373.6 
10 1358.5123 73609.93 4 811.7064 123197.25 425 192.9035 518393.9 
15 1355.5977 7376H.20 5 811.4968 123229.07 300 192.7979 518677.8 
30 1306.0286 76568.00 20 811.0;;12 123296.78 100 192.7501 518806.4 
90 1304.8576 76636.71 7 810.6650 123355.51 50 185.7450 538372.5 

150 1302.1685 76794.98 10 792.9671 126108.63 250 172.1689 580824.9 
30 1217.6477 82125.56 9 792.9381 126113.25 8 170.2194 587477.2 
50 1152.1512 86794.16 7 792.5063 126181.96 2 168.0084 595208.2 
10 1041.6876 95998.07 9 792.2330 126225.49 10 167.9892 595276.3 
30 1040.9425 96066.78 30 791.9732 126266.90 5 166.235i 601557.6 
50 1039.2304 96225.05 10 791.5136 126340.22 3 166.1504 601864.3 
10 1028.1571 97261.40 2 ' 770.6986 129752.41 1 166.1128 602000.4 
30 1027.4307 97330.17 3 770.3464 129811.73 3 164_70R7 607132.4 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 869 

2.2.0. Vacuum Ultraviolet Linelist by Spectrum-Continued 
-

In- Wavelength Wave number In- Wavelength Wave number In- Wavelength Wave number 
ten- A cm-1 ten- A cm-1 ten- A cm-1 

sity sity sity 

o v -Continued Ne II- Continued Ne II - Continued 
8 164.6569 607323.6 7 1954.0479 51175.818 7 1391.8544 71846.594 
2 164.6256 607439.1 7 1949.6947 51290.082 6 1391. 7029 71854.418 
2 164.5887 607575.2 7 1939.8749 51549.717 5 1388.4901 72020.679 
3 164.5739 607629.9 20 1938.8269 51577.580 8 1387.5158 72071.250 
1 164.1766 609100.1 9 1933.5298 51718.882 6 1239.1674 80699.346 
2 156.2269 640094.7 30 1930.0345 51812.545 9 1229.8367 81311.605 
2 153.9516 649554.6 9 1928.7866 51846.067 7 1229.6873 81321.490 

15 151.5468 659862.2 7 1924.1654 51970.583 5 1073.7789 93129.041 
9 151.4774 660164.3 8 1920.1812 52078.418 7 ~068.6488 93576.115 
3 151.4470 660296.9 50 1916.0010 52109.039 50 462.3908 216267.28 
8 139.0289 719274.9 20 1907.4940 52424.804 100 460.7284 217047.61 
5 138.1090 724065.6 6 1906.4987 52452.174 9 456.8962 218868.11 
3 138.0511 724369.3 7 1904.5068 52507.031 12 456.3485 219130.78 
1 138.0255 724503.9 10 1889.7120 52918.116 20 455.2730 219648.44 
8 135.5232 737880.8 10 1888.1064 52963.116 15 454.6540 219947.46 
4 124.6159 802465.8 7 1881.6889 53143.749 18 447.8146 223306.68 

o VII 7 lS71.0970 53444.5S3 25 446.5902 223918.94 
25 21.8040 4586305 8 1859.3605 53781.932 30 446.2552 224087.02 

100 21.6020 4629201 8 1858.4108 53809.416 20 445.0393 224699.27 
25 18.6285 5368116 7 1857.9530 53822.675 12 407.1377 245617.15 
10' 17.7685 5627922 9 1853.1147 53963.199 15 405.8538 246394.13 
5 17.3962 5748392 9 1849.3784 54072.222 6 362.4544 275896.79 

o VIII 7 1848.8229 54088.469 9 361.4321 276677.13 
100 18.9689 5271784 8 1845.9968 54171.275 4 357.5346 279693.24 
20 16.0059 6247697 8 1843.9105 54232.566 2 356.8762 280209.20 

7 15.1762 6589280 7 1842.3413 54278.760 5 356.8001 280268.96 
3 14.8206 6747377 8 1833.9099 54528.307 3 356.5398 280473.58 
2 14.6343 6833252 7 1803.7301 55440.667 3 356.4399 280552.21 
1 14.5243 6885029 8 1798.2814 55608.649 4 356.1288 280797.26 

Ne I 7 1796.5170 55663.263 4 355.9480 280939.95 
35 743.7196 134459.29 7 1765.8981 56628.410 4 355.6550 281171.38 

100 735.8963 135888.72 8 1758.5549 56864.871 6 354.9620 281720.28 
18 629.7388 158795.99 7 1758.1060 56879.391 3 353.9297 282542.02 
20 626.8232 159534_62 8 1756.8363 56920.500 5 353.2145 283114_07 
12 619.1024 161524.17 8 1751.6980 57087.467 9 352.9549 283322.35 
15 618.6717 161636.62 8 1744.4164 57325.763 3 352.2436 283894.41 
15 615.6283 162435.68 7 1742.8712 57376.585 2 330.7887 302307.75 
12 602.7263 165912.78 8 1'1:18.7:156 57513.058 2 327.6210 305230.74 
6 600.0366 166656.51 8 1730.6473 57781.848 3 327.2605 305566.94 
3 598.8908 166975.34 8 1694.5989 59011.016 5 326.7856 306011.07 
7 59S_7056 167026.99 6 ]483_5029 67408_023 4 326_5376 306243.42 

10 595.9200 167807.76 8 1475.9603 67752.502 2 324.5686 308101.27 
5 591.8303 168967.35 9 1428.5822 69999.470 Na III 
3 589.9114 169516.99 8 1423.5645 7(}246.201 20 272.4493 367040.7 
3 589.1793 169727.63 9 1418.3779 70503.075 20 272.0717 367550.2 
3 587.2128 170296.00 7 1415.7144 70635.714 50 268.6251 372266.0 
2 586.3141 170557.05 7 1413.9570 7(}723.507 50 267.8713 373313.6 
2 585.2473 170867.95 6 1409.7467 7(}934.727 70 267.6428 373632.3 
2 582.5982 171644.88 8 1405.3752 71155.374 25 266.8945 374679.9 

Ne II 8 1403.6827 71241.169 30 251.3725 397816.0 
9 1994.0957 50148.045 8 1399.5333 71452.389 3 217.1111' 460593. 6 
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870 V. KAUFMAN AND B. EDLEN 

2.2.a. Vacuum Ultraviolet Linelist by' Spectrum - Continued 

In- Wavelength Wave number In- Wave!ength Wave number In- Wave!ength Wave number 
ten- A cm-1 ten- A cm-1 ten- A cm-1 

sity sity sity 

Na III-Continued Mg II-Continued Mg Iv-Continued 
12 216.1177 462710.9 2 907.4115 l1020~.SR 6 1~7 .<}661 724RlS.6 
12 215.8592 463265.0 4 907.3752 110207.99 9 133.1967 750769.4 
8 215.4814 464077.2 Mg III 3 132.5123 754646.8 
8 215.0790 464945.4 80 234.2644 426868.1 5 132.1238 756865.9 
8 215.0455 465017.8 100 231. 7336 431530.0 AlII 
8 214.5868 466011.9 10 188.5296 530420.6 70 1990.5310 50237.85 
7 214.2300 466788.0 20 187.1966 534197.7 5 1962.7634 50948.58 
5 207.9957 480779.2 20 186.5143 536152.0 7 1962.7349 50949.32 
7 207.8847 481035.9 12 182.9720 546531.6 6 1962.6910 50950.46 
6 207.4593 482022.3 15 182.2421 548720.7 7 1962.5904 50953.07 

10 207.2959 482402.2 4 171.8997 581734.7 22 1939.2606 51566.05 
6 206.8729 483388.6 15 171.3941 583450.5 15 1936.9066 51628.72 
8 203.3240 491825.8 15 170.8041 585466.2 15 1934.7129 51687.26 
8 203.2819 491927.7 6 169.7427 589126.8 40 1934.5032 51692.86 
8 203.0527 492482.9 7 169.1116 591220.7 20 1932.3768 5171·9.71-
8 202.7607 493192.1 Mg IV 15 1931.0481 51785.35 
8 202.4910 493849.2 4 184.1927 542909.6 20 1929.9775 51814.08 
6 202.1825 494602.7 11 183.4399 545137.6 6 .1926.0291 51920.30 
6 202.1485 494685.9 14 181.3441 551437.7 5 1924.7537 51954.70 
5 196.0525 510067.5 20 180.7947 553113.7 8 1910.8252 52333.41 
6 195.5285 511434.2 25 180.6144 553665.7 2 1906.4082 52454.66 

Mg I 12 . 180.0693 555341.7 2 1899.1943 52653.91 
10 1827.9351 54706.54 20 172.3099 580349.8 100 1862.3111 53696.72 

5 1747.7937 57214.99 25 171.6551 582563.5 12 1859.9796 53764.03 
3 1707.0606 58580.23 11 160.8023 621881.6 70 1858.0262 53820.55 
2 1683.4135 59403.11 14 160.2283 624109.6 3 1856.2741 53871.35 
1 1668.4288 59936.63 10 148.1186 675134.5 9 1856.0957 53876.53 

MgII 9 147.8854 676199.1 30 1855.9286 53881.38 
60 1753.4744 57029.63 11 147.7487 676825.1 9 1855.8054 53884.96 
30 1750.6637 57121.19 8 147.6314 677362.5 6 1836.9635 54437.66 
50 1737.6283 57549.71 17 147.5352 677804.3 25 1834.8077 54501.62 

6 1737.6124 57550.23 4 147.4973 677978.7 40 1832.8374 54560.21 
30 1734.8523 57641.80 10 147.3201 678794.2 60 1828.5876 54687.02 
20 1482.8903 67435.87 II 147.2538 679099.5 2 1807.5851 55322.43 
10 1480.8797 67527.43 11 147.0518 680032.3 7 1807.4168 55327.58 
30 1478.0030 67658.86 11 147.0063 680243.1 40 1767.7308 56569.70 
15 1475.9998 67750.69 20 146.9526 680491.6 70 1763.9521 56690.88 
10 1369.4231 73023.45 10 146.8381 681022.2 30 1765.8150 56631.07 
5 1367.7082 73115.01 11 146.5264 682471.1 50 1763.8692 56693.55 

20 1367.2565 73139.17 II 140.9635 709403.4 30 1761.9751 56754.49 
10 1365.5442 73230.88 8 140.9142- 709651.7 35 1760.1044 56814.81 

6 1309.4434 76368.32 11 140.8658 709895.4 6 1750.6124 57122.87 
10 1308.2807 76436.19 11 140.5574 711453.2 5 1739.7382 57479.91 
3 1307.8754 76459.89 11 140.5222 711631.4 90 1724.9838 57971.56 
5 1306.7139 76527.85 11 140.4732 711879.7 50 1724.9519 57972.63 

25 1240.3947 80619.50 10 140.4251 712123.4 90 1721.2714 58096.59 
50 1239.9252 80650.02 17 140.1719 713409.6 50 1721.2435 58097.53 
10 1026.1133 97455.13 10 140.1186 713681.2 80 1719.4400 58158.47 
20 1025.9681 97468.92 7' 139.9903 714335.0 10 1686.2505 59303;17 

5 946.7694 105622.34 8 138.3915 722587.6 8 1681.8089 59459.79 
1 o 946.7032 105629.72 10 138.2617 723266.2 150 1670.7867 59852.05 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA csl1 

2.2.a. Vacuum Ultraviolet Linelist by Spectrum-Continued 

In- Wavelength Wave number In- Wave!ength Wave number In- Wave!ength Wave number 
ten- . A cm-1 ten- A cm-1 ten~ A cm-1 

sity sity sity 

Al II-Continued AlII-Continued. Si I-Continued 
10 1644.8089 60797.34 5 911.9457 109655.65 25 1841.1520 54313.82 
10 1644.2348 60818.56 Al III 8 1838.0120 54406.61 
15 1625.6271 61514.72 14 1935.949 51654.25 40 1836.5102 54451.10 
5 1618.3990 61789.46 1 1935.863 51656.54 2 1829.8975 54647.87 

12 1596.0586 62654.34 20 1935.840 51657.16 6 1822.4553 54871.03 
50 1569.3853 63719.22 100 1862.7895 53682.93 2 1817.9562 55006.83 

100 1539.8303 64942.22 200 1854.7164 53916.60 50 1814.0794 55124.38 
80 1371.2401 72926.69 70 1611.8735 62039.61 20, 1809.1047 55275.96 
80 1350.1782 74064.30 8 1611.8141 62041.90 4 1808.4301 55296.58 
70 1266.6481 70940.53 40 1605.7661 62275.57 6 1799.1193 55582.75 

70 1258.8585 79437.05 60 1384.1319 72247.45 5 1790.2548 55857.97 
50 1211.9531 82511.44 30 1379.6696 72481.12 5 1783.2315 56077.97 
60 1211.8983 82515.18 4 893.896 111869.84 30 1776.8241 56280.19 
50 1210.0817 82639.05 2 892.0242 112104.58 2 1772.2254 56426.23 
40 1209.1914 82699.89 20 856.7457 116720.75 60 1770.9223 56467.75 
50 1208.;3522 82757.33 10 855.0340 116954.42 25 1770.6295 56477;09 
50 1191.8111 83905.91 2 726.9152 137567.63 14 1769.7859 56501·.01 
40 1190.0518 84029.96 1 725.6826 137801.30 10 1766.3541 56613.79 
30 1189.1854 84091.18 15 696.2170 143633.38 20 1766.0627 56623.13 
30 1179.3541 84792.18 30 695.8289 143713.50 10 1765.6215 56637.28 
40 1177.4371 84930.23 5 560.4331 178433.43 18 1765.0296 56656.27 
10 1158.2103 86340.11 10 560.3173 178470.32 16' 1763.6607 56700.25 
30 1157.0881 .86423.84 2 511.1907 195621. 72 2 1759.5832 56831.64 
20 1142.9529 87492.67 4 511.1384 195641.74 8 1747.4141 57227.42 

3 1132.7256 88282.63 Si I 5 1745.3475 57295.18 
40 1056.6613 94637.71 10 1991.8537 50204.49 4 1743.8941 57342.93 
30 1055.2802 94761.56 200 1988.9937 50276.68 4 1740.2988 57461.40. 
20 1054.6031 94822.40 100 1986.3640 50343.24 20 1704.4416 58670.24 
50 1049.9233 95245.05 4 1984.4400 50392.05 14 1702.8694 58724.41 
45 1048.5588 95369.00 60 1983.2330 50422.72 16 1700.6360 58801.53 
35 1047.8893 95429.93 60 1980.6185 50489.28 18 1700.4194 58809.02 
35 990.8623 100922.20 '80 1979.2056 50525.32 2 1699.7162 58833.35 
30 989.6475 101046.08 80 1977.5978 50566.40 50 1697.9409 58894.86 
20 989.0525 101106.87 10 1954.9681 51151. 73 40 1696.2065 58955.09 
35 987.7772 101237.41 8 1904.6647 52502.68 18 1695.5075 58979.39 
30 986.5712 101361.16 80 1901.3~77 52594.55 12 1693.4681 59050.42 
20 985.9802 101421.92 9 1887.6928 52974.72 25 1693.2934 59056.51 
30 955.9766 104605.07 6 1881.8538 53139.90 12 1690.7889 59143.99 
25 954.8466 104728.86 6 1875.8129 53310.22 12 1689.2902 59196.46 
30 954.3050 104788.30 35 1874.8423 53337.82 4 1687.0923 59273.58 
25 953.1822 104911. 74 5 1873.1036 53387.33 20 1686.8185 59283.20 
15 952.6301 104972.54 7 1853.1521 53962.11 14 1682.6734 59429.24 
20 935.2752 106920.40 50 1852.4717 53981.93 3 1676.8207 59636.67 
25 935.0198 106949.61 14 1851. 7829 54002.01 40 1675.2052 59694.18 
20 934.0150 107064.66 . 80 1850.6719 54034.43 16 1672.5960 59787.30 
20 933.9382 107073.47 50 1848.7480 54090.66 8 1671.1169 59840.22 
10 933.4077 107134.32 40 1848.1504 54108.15 14 1668.5204 59933.34 
5 932.9385 107188.20 60 1847.4737 54127.97 14 1667.6288 59965.38 
4 932.4075 107249.25 40 1846.1118 54167.90 12 1666.3762 60010.46 

20 921.3670 108534.38 40 1845.5203 54185.26 7 1664.5111 60077.70 
10 920.7160 108611.12 40 1843.7700 54236.70 3 1660.4748 60223.74 
15 920.3166 108658.26 80' 1841.4490 54305.06 8 1653.3760 60482.31 
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872 V. KAUFMAN AND B. EDLEN 

2.2.a. Vacuum Ultraviolet Linelist by Spectrum - Continued 

In- Wave!ength Wav~ number In- Wave!ength Wave number In- Wavelength Wave number 
ten- A cm-1 ten- A cm-1 ten- A cm-1 

sity sity sity 

Si I-Continued Si 11- Continued S' I-Continued 
5 1651.0279 60568.33 20 1194.5004 83717.005 50 1433.2787 69770.10 

18 1633.9851 61200.07 8 1193;2898 83801.940 7 1425.2191 70164.65 
8 1633.3277 61224.70 4 1190.4160 84004.250 12 1425.1878 70166.19 
9 1633.2230 61228.63 6 1023.7003 97684.835 80 1425.0300 70173.96 

20 1629.9477 61351.66 3 1020.6990 97972.080 15 1412.8734 70777.75 
6 1627.7459 61434.65 Si III 20 1409.3378 70955.31 
4 1627.0498 61460.93 5 1436.160 69630.14 15 1401.5142 71351.40 

14 1625.7051 61511.77 10 1435.772 69648.93 500 1396.1136 71627.41 
7 1625.5320 61518.32 5 1367.047 73150.37 250 1392.5893 71808.68 
2 1623.4971 61595.43 8 1361.596 73443.23 150 1389.1544 71986.24 

18 1622.8806 61618.83 15 967.944 103311.8 450 1388.4357 72023.50 
12 1620.4049 61712.97 5 939.09.7 106485.2 200 1385.5109 72175.54 
3 1619.5266 61746.44 15 823.409 121446.4 250 1381.5527 72382.33 

14 1616.5794 61859.01 10 653.334 153061.1 30 1326.6432 75378.22 
10 1615.9488 61883.15 6 652.219 153322.8 40 1323.516 75556.32 

5 1614.6309 61933.66 2 651.672 153451.4 18 1316.6183 75952.16 
6 1614.5665 61936.13 15 566.613 176487.2 30 1316.5423 75956.54 
5 1608.9157 62153.66 5 466.131 214532.2 6 1313.2493 76147.00 
4 1605.8370 62272.82 Si IV 14 1310.1940 76324.58 

12 1597.9620 62579.71 30 818.128 122230.2 13 1305.8834 76576.52 
6 1595.7552 62666.25 15 815.053 122691.4 11 1303.4295 76720.68 

14 1594.9493 62697.92 5 749.939 133344.1 10 1303.1105 76739.46 
14 1594.5655 62713.01 5 560.980 178259.4 10 1302.8633 76754.02 

12 1592.4234 62797.37 3 559.533 178720.6 15 1302.3370 76785.04 

4 1592.0200 62813.28 10 516.344 193669.3 8 1296.1738 77150.15 

4 1591.1233 62848.68 5 515.118 194130.4 16 1295.6526 77181.18 
3 1590.5763 62870.29 10 4!lR.1 !l!l 218266.9 !l 12RO.0991 7Rl1R.9!l 

4 1590.4768 62874.23 20 457.815 218428.7 15 1270.7821 78691.70 

3 1589.1733 62925.80 3 361.6?9 276503.7 5 1269.2086 78789.26 

3 1587.7620 62981.73 6 361.560 276579.0 8 1262.8596 79185.37 

4 1586.7913 63020.26 S I Cl I 

3 1586.1372 63046.25 100 1914.6981 52227.55 250 1396.5267 71606.22 

2 1584.3455 63117.55 200 1900.2865 .52623.64 400 1389.9569 71944.68 

2 1580.3001 63279.12 150 1826.2449 54757.17 500 13RQ.6Q2R 71 Q!lR.:\!l 

2 1575.1268 63486.95 175 1820.3421 54934.73 400 1379.52-78 72488.57 

6 1574.8435 63498.37 200 1807.3110 55330.81 50 1373.1163 72827.04 

5 1573.8840 63537.08 5 1782.2624 56108.46 250 1363.4471 73343.51 

2 1573.6350 63547.14 175 1666.6876 59999.25 100 1351.6568 73983.28 

2 1571.4058 63637.29 40 1487.1503 67242.70 200 1347.2397 74225.84 

2 1568.1963 63767.53 25 1485.6219 67311.88 60 1335.7257 74865.67 
Si II 20 1483.2337 671·20.26 20 1201.3527 83239.50 

3 1817.4517 55022.095 70 1483.0392 67429.10 25 1188.7743 84120.26 

30 1816.9290 55037.925 15 1481.7133 67489.44 6 1188.7515· 84121.87 

15 1808.0129 55309.340 30 1481.6635 67491.71 60 1179.2927 84796.59 
100 1533.4318 65213.205 6 1474.5706 67816.35 15 1167.1479 85678.94 

50 1526.7071 65500.450' 20 1474.3785 67825.19 3 1145.3941 87306.19 

15 1309.2766 76378.055 100 1473.9942 67842.87 8 1144.2909 87390.37 
8 1304.3711 7666!:j.300 18 1473.0187 67887.80 6 1135.3310 88080.04 

8 1265.0022 79051.245 50 1472.9708 67890.01 6 1133.9341 88188.55 

80 1264.7379 79067.765 20 1448.2302 69049.80 5 1132.8528 88272.72 

40 1260.4223 79338.490 20 1436.9674 69591.00 8 1110.2948 90066.17 
4 1197.3941 83514.695 15 1433.3104 69768.56 10 1107.5282 90291.16 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 

2.2.a. Vacuum Ultra~iolet linelist by Spectrum - Continued 

In- Wavelength Wave number In- Wave!ength Wave number In- Wave!ength Wave number 
ten- A ' cm-1 ten- A cm-1 ten- A cm-1 

sity sity sity 

Cl I-Continued . Cl II-Continued CI 11- Continued 
4 1101.9362 90749.36 10 869.0127 115073.12 20 684.8623 146014.75 
6 1101.3381 90798.64 30 868.5774 115130.79 30 682.0516 146616.47 
4 1099.5230 90948.53 20 864.6198 115657.77 14 671.8436 148844.17 
4 1098.0682 91069.02 100 851.6917 117413.38 6 667.4825 149816.66 
6 1097.3692 91127.03 4 850.7509 117543.22 14 666.1465 150117.13 
5 1096.8098 91173.51 140 841.4191 118846.84 10 666.0502 150138.83 
8 1095.7971 91257.77 160 839.6001 119104.32 10 666.0246 150144.60 
7 1095.6619 91269.03 120 839.2972 119147.31 4 665.5316 150255.83 
7 1095.1483 91311.83 40 834.7223 119800.32 10 665.2295 150324.06 
8 1094.7686 91343.50 60 834.6463 119811.23 8 665.1679 150337.98 
5 1092.4366 91538.50 20 834.4229 119843.31 20 664.7199 150439.30 
4 1092.1287 91564.30 16 829.8029 120510.54 20· 663.6432 150683.38 
5 1090.9815 91660.58 4 802.8911 124549.89 40 663.0723 150813.12 
4 1090.7386 91680.99 20 797.8455 125337.55 20 662.1637 151020.06 
7 1090.2706 91720.35 80 795.3537 125730.22 26 661.8394 151094.06 
5 1085.3035 92140.13 80 793.4574 126030.71 6 661.6588 151135.30 
4 '1085.1709 92151.38 100 793.3424 126048.98 20 659.8107 151558.62 
4 1084.6671 92194.19 60 792.2628 126220.74 3 657.9335 151991.04 
3 1079.8821 92602.70 16 789.0997 126726.70 14 655.1427 152638.50 
1 1041.1480 96047.83 60 788.9860 126744.96 10. 653.8556 152938.9~ 
3 1040.3475 96121. 73 100 788.7408 126784.36 20 650.8935 153634.96 
2 1038.7779 96266.97 100 787.5805 126971.15 4 643.2069 155470.97 
3 1037.5871 96377.46 40 777.5623 128607.06 8 639.4578 156382.48 
3 ·1035.2148 96598.31 12 774.7916 129066.96 18 638.2909 156668.38 
1 1031.5070 96945.54' 16 754.5869 132522.84 14 637.0691 156968.84 
2 1031.3486 96960.43 12 753.6251 132691.97 20 636.6244 157078.49 
1 1028.61~2 97217.98 2 747.5649 1~3767.65 10 635.8802 157262.33 
1 1027.3386 97338.89 4 738.9117 135334.17 8 634.6222 157574.06 
2 1025.5528 97508.38 30 730.9424 136809.69 10 634.2568 157664.84 
1 1022.4143 97807.71 24 729.5235 137075.78 8 631.8314 158270.07 
3 1013.6635 98652.06 3U 7~9.34U6 13'lllO.1!J 14 626.7339 159557.35 
2 1002.3464 99765.91 50 728.9513 137183.38 7 623.0617 160497.75 

Cl II 20 725.6570 137806.15 9 621.1369 160995.10 
100 1079.0796 92671.57 40 725.2717 137R79.~6 16 620.2958 161213.41 
100 1075.2293 93003.42 24 719.2703 139029.79 12 619.9798 161295.58 
120 1071. 7667 93303.89 3 717.5327 139366.47 14 618.0539 161798.19 
180 1071.0358 93367.56 24 717.1519 139440.47 10 617.6293 161909.42 
60 1067.9442 93637.85 26 715.5874 139745.33 4 617.3161 161991.56 

120 1063.8311 93999.88 26 714.0521 140045.80 2 616.4631 162215.71 
5 990.5327 100955.78 2 712.9584 140260.64 3 615.3233 162516.19 

40 96L4997 104004.19 2R 712.6792 140:l15.59 ]0 599.2056 166887.63 
10 932.9780 107183.66 12 710.5210 140741. 79 2 598.4179 167107.30 
24 926.9588 107879.66 18 709.1616 141011.58 2 598.3026 167139.50 
2 924.3022 108189.72 28 707.4581 ]41351.13 6 594.4756 168215.48 
7 914.8574 109306.65 5 701.U7-21 142638.68 4 593.2888 168551.98 

36 895.9539 .111612.88 5 698.4482 143174.54 6 590.8491 169247.95 
40 893.5483 111913.37 24 696.1386 143649.56 5 589.9001 169520.23 
10 889.8173 112382.62 30 693.5947 144176.42 4 588.8564 1698.20.69 
40 888.0256 112609.37 7 692.7820 144345.55 7 588.7857 169841.08 
10 874.2790 114379.96 16 690.9645 144725.24 4 588.0413 170056.08 
20 872.8505 114567.16 14 688.1424 145318.76 4 587.1616 170310.86 
10 872.1338 114661.30 30 687.6575 145421.23 3 587.0041 170356.56 
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874 V. KAUFMAN AND B. EDLEN 

2.2.0. Vacuum Ultraviolet Linelist by Spectrum-Continued 

In- Wave!ength Wave number In- Wavelength Wave number In- Wavelength Wave number 
ten- A cm-1 ten- A cm-1 ten- A cm- l 

sity sity sity 

'Cl 11- Continued Ar II- Continued Ar II- Continued 
2 586.4528 170516.71 2 1933.6936 51714.501 12 580.2632 172335.60 
8 586.3828 170537.06 2 1932.2301 51753.670 9 578.6044 172829.65 

10 586.2442 170577.38 4 1919.1985 52105.084 9 578.1072 172978.31 
6 584.8829 170974.40 8 1888.7827 52944.153 10 576.7364 173389.43 
6 584.7718 171006.88 8 1886.3860 53011.421 12 573.3620 174409.89 
5 575.4019 173791.57 8 1877.5231 53261.662 9 572.0136 174821.01 

16 574.4088 174092.04 4 1868.6600 53514.283 9 560.2233 178500.26 
10 574.2946 174126.66 8 1606.9260 62230.620 12 556.8170 179592.22 
6 572.0083 174822.64 15 1604.0815 62340.971 3 555.7660 179931.84 
8 571.9033 174854.74 8 1603.0743 62380.111 2 553.1263 180790.54 
4 569.8349 175489.43 8 1600.1327 62494.817 4 550.4810 181659.31 
5 566.8002 176429.01 2 1598.7212 62549.994 7. 548.7808 182222.12 
5 565.8366 176729.47 4 1578.8121 63338.758 4 547.9961 182483.06 
6 565.7376 176760.39 4 1575.8155 63459.207 12 547.4606 182661.55 
4 564.9716 177000.05 2 1562.4422 64002.368 9 547.1651 182760.21 
4 564.7775 177060.88 4 1559.0712 64140.754 8 546.1768 183090.89 
5 564.5782 177123.38 75 932.0537 107289.95 9 543.7305 183914.64 
5 563.6169 177425.48 100 919.7810 108721.53 15 543.2033 184093.13 
4 562.6651 177725.61 6 762.2001 131199.15 10 542.9124 184191.79 
6 562.5662 177756.86 2 761.5791 131306.12 2 541.3020 184739.75 
6 562.3684 177819.38 7 754.8240 132481.21 5 537.1396 186171.33 
2 562.2867 177845.22 7 748.1982 133654.42 9 530.4954 188503.05 
4 561.5930 178064.90 12 745.3222 134170.15 7 526.4969 189934.63 
6 559.5279 178722.10 15 744.9248 134241..74 9 524.6804 190592.23 
5 559.4065 178760.88 15 740.2692 135086.00 9 522.7925 191280.48 
7 559.3057 178793.10 2 737.4537 135601.73 10 519.3270 192556.91 
2 540.9047 184875.45 12 730.9297 136812.06 5 518.9089 192712.06 
2 540.0270 185175.93 18 725.5485 137826; 76 7 514.3100 194435.26 
4 538.3083 185767.15 30 723.3606 138243.64 2 503.6504 198550.44 

Ar I 15 718.0899 139258.34 2 502.1630 199138.53 
!:>U 1U66.6599 93750.60 9 704.!:>23H 141Y3Y.H5 2 5U1.1897 199525.24 

100 1048.2199 95399.83 9 698.7745 143107.68 5 492.4083 203083.50 
15 894.3102 111818.03 6 697.9419 143278.40 8 489.1954 204417.31 
]3 879.9466 113613.26 5 697.4390 143371.43 4 483.9615 204515.08 
18 876.0577 114147.73 6 693.3019 144237.30 9 488.7927 204585.72 
l5 869.7541 114975.02 5 691.0373 144709.98 10 487.2272 205243.05 
18 866.8000 115366.87 6 686.4884 145668.88 2 479.2178 208673.39 
10 842.8051 118651.39 15 679.4006 147188.56 4 477.1049 209597.50 
10 835.0021 119760.17 10 679.2184 147228.05 6 475.9056 210125.73 
15 834.3918 119847.76 10 677.9518 147503.12 Ca II 
12 826.3619 121011.92 12 676.2125 117875.91 20 1850.691 51033.88 
12 825.3460 121161.31 8 672.8563 148620.14 10 1843.088 54256.77 
8 820.1235 121932.85 30 671.8513 148842.47 30 1840.061 54346.03 
7 816.4640 122479.38 20 670.9455 149043.41 20 1838.008 54406.72 

12 816.2320 122514.19 15 666.0109 150147.70 2 1814.647 55107.13 
Ar II 10 664.5623 150474.99 18 1814.495 55111. 76 

2 1981.3883 50469.663 18 661.8690 151087.31 10 1807.337 55330.02 
4 1976.7653 50587.696 10 612.3716 163299.55 8 1698.183 58886.48 
4 1974.4621 50646.705 10 602.8585 165876.40 

I 
4 1691.779 59109.37 

4 1962.1611 50964.215 
I 

12 597.7001 167307.98 
II 

9 1680.051 59522.01 
2 1946.794 10 583.4 71 171 . 7 7 51366.484 3 3980 5 1673.860 59742.14 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 875 

2.2.0. Vacuum Ultraviolet Linelist by Spectrum - Continued 

In- Wavelength Wave number In- Wave!ength Wave number In- Wave!ength Wave number 
ten- A cm-1 ten· A cm- 1 ten· A cm-1 

sity sity sity 

Ca II-Continued Sc IV- Continued Mn II-Continued 
15 1651.9909 60533.02 6 419.525 238364.7 3 1898.135 52683.30 
30 1649.8579 60611.28 5 418.808 238772.7 10 1897.475 52701.61 
18 1644.4428 60810.87 4 416.448 240125.9 3 1809.969 55249.56 
10 1643.7979 60834.73 7 415.968 240403.0 3 1807.328 55330.29 
2 1642.8033 60871.56 5 412.969 242148.8 2 1803.417 55450.28 

15 1554.6415 64323.51 4 410.080 243854.6 4 1799.800 55561. 74 
10 1553.1761 64384.20 10 371.159 269426.5 3 1793.151 55749.11 
9 1433.7493 69747.20 15 299.0385 334405.1 4 1788.781 55903.98 
6 1432.5028 69807.89 15 296.3108 337483.5 2 1776.054 56304.58 
6 1342.5536 74484.92 15 289.8505 345005.4 5 1775.199 56331. 72 

12 1341.8901 74521.75 5 223.40~6 447622.4 5 1774.206 56363.24 
Sc IV 8 220.2776 453972.7 3 1772.344 56422.44 

6 481.434 207713.0 5 217.18~n 460426.9 8 1768.583 56542.43 
3 478.611 208937.8 5 215.3051 464457.2 5 1766.495 56609.29 
4 477.765 209307.8 3 195.4536 511630.3 10 1760.667 56796.66 
3 476.206 209993.1 Vv 10 1143.338 57361.22 
4 475.785 210179.1 13 484~511 206393.7 20 . 1741.977 57406.03 
5 474.673 210671.4 15 483.007 207036.3 5 1741.638 57417.20 
4 474.531 210734.3 8 481.557 207659.9 4 1741.514 57421.31 
3 474.248 210860.1 7 313.3757 319105.8 20 1740.144 57466.52 
4 474.114 210919.8 8 312.3950 320107.6 10 1738.344 57526.02 
5 472.995 ·211418.8 3 296.7249 337012.5 30 1737.925 57539.87 
5 471.789 211959.1 9 286.8383 348628.5 40 1734.488 57653.89 
5 470.251 212652.5 8 285.9796 349675.3 50 1733.548 57685.16 
3 467.392 2i3953.0 5 284.5806 351394.3 30 1732.700 57713.39 
3 466.963 214149.5 3 284.4951 351499.9 20 1726.464 57921.85 
5 466.194 214502.9 9 252.4396 396134.4 2 1385.893 72155.62 
5 465.482 214831.1 10 251.6550 397369.4 2 1382.304 72342.99 
4 463.663 215673.8 2 240.9339 415051.6 3 1377.945 72571.81 
6 462.567 216185.0 9 239.4845 417563.6 2 1291.577 77424.70 
3 461.812 216538.4 8 239.4069 417698.9 2 1290.925 77463.84 
3 445.748 224341.8 Mn II 2 1201.118 83255.79 
4 444.623 224909.8 2 1934.789 51685.23 2 1199.391 83375.63 
6 442.262 226110.3 2 1932.595 51743.89 4 1197.184 83529.33 
7 441.495 226503.2 30 1931.412 51775.60 3 1164.208 85895.30 
7 441.189 226660.2 4 1928.124 51863.88 4 1163.326 85960.46 
5 438.980 227800.6 5 1926.946 51895.59 5 1162.015 . 86057.44 
9 438.786 227901.3 50 1926.578 51905.51 eu II 
3 438.481 228060.3 30 1925.512 51934.25 30 1989.8554 50254.907 
5 436.138 229285.0 20 19Q3.339 51992.91 50 1979.9565 50506.161 
5 434.398 230203.7 20 1923.067 52000.26 15 1977.0270 50580.998 
5 431.780 231599.7 80 192L248 52049.49 15 1970.4946 50748.681 
4 426.691 234361.4 10 1920.014 52082.96 20 1957.5176 51085.108 
4 425.524 235004 .. 5 30 1919.648 El20Q2.RR 5 1952.5758 51214.400 
3 422.627 236615.0 3 1918.911 52112.90 10 1946.4929 51374.450 
5 422.023 236953.7 20 1918;640 52120.25 25 1944.5970 51424.538 
3 421.328 237344.6 100 1915.097 52216.67 25 1929.7510 51820.157 
6 420.806 237638.9 20 1914.683 52227.97 5 1922.1425 52025.278 
5 420.503 237810.2 30 1911.408 52317.45 5 1920.6718 52065.117 
4 420.125 238024.4 6 1909.824 52360.84 5 1790.6603 55845.322 
5 420.004 238092.9 20 1907.838 52115.31· lEl 1753~2811 5703;:;.921 

J. Phys. Chem. Ref. Data, Vol. 3, No.4, 1974 



876 V. KAUFMAN AND B. EDLEN 

2.2.0. Vacuum Ultraviolet Linelist by Spectrum - Continued 

In- Wavelength Wave number In- Wavelength Wave number In- Wavelength Wave number 
ten- A cm- l ten- A cm- l ten- A cm- l 

sity sity sity 

Cu 11- Continued Cu II-Continued Cu II - Continued 
10 1736.5514 57585.396 25 1533.9865 65189.624 30 1458.0016 68587.029 
15 1717.7214 :58216.660 30 1532.1306 65268.589 10 1457.1759 68625.897 
10 1672.7757 59780.878 50 1531.8559 65280.290 20 1452.2935 68856.607 
30 1663.0020 60132".218 5 1526.9276 65490.992 25 1450.3035 68951.083 
20 1660.0009 60240.930 15 1525.7645 65540.916 20 1449.0580 69010.350 
20 1656.3219 60374.739 20 1524.8601 65579.785 20 1445.9835 69157.083 
25 1649.4575 60625.993 10 1523.7413 65627.938 10 1443.541~ 69274.052 
10 1636.6050 61102.099 15 1522.5768 65678.130 15 1442.1386 69341.463 
25 1630.2681 61339.605 20 15"20.5396 65766.128 15 1436.2359 69626.447 
40 1622.4278 61636.023 60 1519.8371 65796.527 10 1435.3155 69671.092 
60 1621.4256 61674.120 50 1519.4918 65811.476 25 1434.9037 69691.087 
20 1617.9154 61807.930, 10 1517.9300 65879.191 15 1434.7699 69697.588 
10 1611.1181 62068.697 20 1517:6310 65892.168 10 1433.8404 69742.770 
15 1610.2964 62100.368 10 1517.1599 65912.629 40 1430.2428 69918.197 
25 1608.6393 62164.338 50 1514.4924 66028.723 15 1428.3580 70010.459 
40 1606.8341 62234.178 10 1514.2339 66039.997 20 1427.8290 70036.396 
30 1605.2813 62294.377 20 1513.3659 66077.873 10 1427.5912 70048.066 
20 1604.8475 62311.218 20 1512.4646 66117.251 25 1421.7589 70335.411 
40 1602.3880 62406.859 20 1512.1739 66129.962 5 1421.3737 70354.474 
15 1602.2729 62411.341 35 1510.5058 66202.988 25 1418.4265 70500.655 
40 1598.4023 62562.472 30 1508.6323 66285.205 10 1414.8980 70676.475 
60 1593.5556 62752.752 25 1508.1846 66304.882 15 1407.1689 71064.675 
40 1590.1649 62886.561 20 1505.3878 66428.067 15 1402.7770 71287.166 
50 1583.6823 63143.976 25 1504.7571 66455.908 10 1398.6419 71497.932 
10 1582.8458 63177.349 15 1503.3682 66517.306 10 1393.127"5 71780.941 
40 1581.9953 63211.314 10 1501.3363 66607.329 3 1375.5019 72700.733 
30 1580.6257" 63266.087 10 1499.5132 66688.310 20 1371.0399 72094.005 
15 1580.0250 63290.139 35 1496.6867 66814.250 2 1370.5600 72962.877 

" 30 1579.4918 63311.504 25 1495.4298 66870.408 25 1367.9509 73102.04 
10 1569.4155 63717.989 25 1493.3665 66962.797 5 1363.5031 73340.502 
10 1569.2123 63726.239 30 1492.8343 66986.671 20 1362.5997 73389.125 
40 1566.4148 63840.049 10 1492.6817 66993.521 5 1359.9362 73532.863 
40 1565.9243 63860.048 10 1492.1525 67017.278 20 1359.0091 73583.023" 
30 1558.3447 64170.656 75 1488.8311 67166.787 30 1358.7730 73595.01 
20 1557.5867 64201.883 20 1485.3277 67325.212 15 1355.3053 73784.116 
50 1555.7030 64279.621 20 1481.5438 67497.160 25 1351.8366 73973.436 
40 1555.1344 64303.122 15 1476.0593 67747.955 15 1350.5938 74041.509 
25 1553.8962 64354.364 20 1474.9348 67799.607 3 1340.9141 74575.995 
50 1552.6464 64406.163 25 1473.9785 67843.596 5 1332.2228 75062.520 
30 1551.3890 64458.365 15 1473.5299 67864.247 5 1331.8907 75081.237 
30 1550.6533 64488.949 20 1472.3950 67916.56 5 1328.4129 75277.798 
lO 1547.9582 64601.227 40 1470.6974 67994.953 10 1326.3954 75392.301 
40 1544.6771 64738.449 15 1469.6928 68041.428 3 1325.5135 75442.462 
75 1541. 7032 64863.328 5 1466.7284 68178.949 6 1323.7943 75540.439 
30 1540.5883 64910.267 10 1466.5240 68188.449 3 1323.2042 75574.127 
30 1540.3887 64918.681 20 1466.0702 68209.556 6 1322.6326 75606.786 
20 1540.2394 64924.974 15 1465.5408 68234.199 5 1321. 7962 75654.627 
10 1538.4795 64999.241 40 1463.8381 68515.565 10 1320.6858 75718.237 
50 1537.5590 65038.154 20 1463.7515 68317.609 30 1314.3366 76084.013 
15 1535.5238 65124.356 15 1461.5539 68420.329 15 1314.1495 76094.845 
25 1535.0023 65146.481 25 1459.4117 68520.760 15 1309.4633 76367.165 
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REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 877 

2.2.a.Vacuum Ultraviolet Linelist by Spectrum-Continued 

In- Wave!ength Wave number In- Wavelength Wave number In- Wave!ength Wavenumber 
ten- A cm-1 ten- A cm-1 ten- A cm-1 

sity sity shy 

eu II-Continued eu n-Continued eu II - Continued 
30 1308.2971 76435.238 80 1044.7435 95717.277 40 896.9762 111485.683 

5 1305.5608 76595.437 80 1044;5188 95737.865 60 896.7588 111512.709 
10 1299.2678 76966.424 60 1039.5821 96192.499 40 894.2274 111828.383 
15 1298.3949 77018.172 60 1039.3477 96214.193 80 893.6777 111897.162 
15 1287.4683 77671.815 60 1036.4695 96481.371 50 892.4144 112055.566 
8 1284.8712 77828.813 8 1035.1628 96603.165 60 890.5669 112288.026 

15 1282.4547 77975.462 10 1033.5677 96752.249 60 886.9434 112746.761 
8 1281.4616 78035.894 8 1031.7662 96921.181 10 886.511] 112801.746 
s 12BO.26B2 78108.632 20 1030.2633 97062.571 25 885.8172 112886.291 

30 1275.5717 78396.219 10 1029.7508 97110.876 8 884.4346 113066.579 
3 1274.4651 78464.291 25 1028.3279 97245.243 10 884.1332 113105.130 
3 1274.0708 78488.574 50 1027.8311 97292.249 '50 878.6986 113804.668 
8 1272.0417 7Hb13.775 5 1022.1021 97837.580 IS 871.8471 113915.059 
2 1271.3178 78658.536 15 1020.1076 98028.878 20 877.5548 113952.996 

10 1266.3101 78969.599 15 1019.6545 98072.431 '25 877.0121 114023.507 
15 1265.5062 79019.760 50 1018.707'3 98163.621 20 876.7227 114061.150 
3 1262.9249 79181.275 15 1018.0642 98225.630 15 873.2629 114513'()52 
5 1253.1809 79796.942 '15 1017.9980 98232.018 8 871.0676 114801.659 

10 1250.0483 79996.909 25 1012.5971 98755.957 8 870.5389 114871.374 
5 1248.7916 80077.410 30 1010.2690 98983.542 25 869.3360 115030.317 
2 1241.9641 80517.628 30 1008.7284 99134.713 10 869.0641 115066~309 

2 1205.9029 82925.419 ' 30 1008.5688 99150.396 8 867.7336 115242.742 
2 1201.6258 83220~583 30 1004.0554 99596.102 5 866.4427 115414.439 
5 1157.0206 86428.884 '8 1001.0130 99898.807 40 865.3902 115554.815 

30 1144.8556 81347.261 8 998.3060 100169.685 40 861.9936 116010.144 
20 1142.6405 87516.587 25 992.9532 100709.685 25 858.4869 116484.015 
5 1123.2260 89029.275 10 987.6570 101249.728 10 855.7002 116863.357 

15 1119.9470 89289.943 25 977.5674 102294.741 5 855.4762 116893.964 
5 1105.1765 90483.288 10 976.5532 102400.978 3 ' 852.9061 117246.195 

25 1097.0529 91153.308 20 974.7589 102589.467 25 851.3027 117467.032 
30 )094_4025 91374_059 25 QiiB_0416 103301_34 ? R50_74RO 11 7!;43_61 7 
5 1091.2916 91634.538 20 960.4135 104121.82 3 849.3594 117735.786 

20 1088.3953 91878.379 40 958.1542 104367.339 15 848.8075 117812.341 
5 1086.1102 92071.685 25 956.2903 104570.757 5 844.9122 118355.499 

30 1073.7454 93131.951 20 954.3830 104779.737 3 844.6128 118397.445 
15 1070.3112 93430.770 50 945.9648 105712.177 30 826.9961 120919.56 
50 1069.1954 93528.271 40 945.8769 105722.007 20 813.8834 122867.73 
20 1066.1343 93796.813 60 945.5249 105671.357 15 810.9984 123304.81 
20 1065.7821 93827.807 60 943.3348 106006.903 3 806.5472 123985.307 
60 1063.0052 94072.919 10 939.5232 106436.966 10 797.4552 125398.892 
60 1060.6343 94283.210 60 935.8977 106849.280 8 779.2949 128321.121 
60 1059.0960 94420.144 20 ,935.3434 106912.606 25 736.0319 135863.67 
40 1058.7988 94446.649' 40 935.2325 106925.280 20 735.5203 135958.18 
60 1056.9546 94611.442 50 924.2386 108197.173 15 724.4887 138028.38, 
40 1055.7968 94715.19] 20 922.4161 108410.947 10 718.1787 139241.12 
60 1054.6901 94814.582 60 922.0190 108451.64 10 709.3129 14098].50 
20 1052.1747 9504L249 80 914.2133 109383.663 2 685.3968 145900.89 

, 10 1050.4028 95201.578 15 910.5185 109827.535 8 685.1406 145955.44 
10 1050.1536 95224.169 40 906.1134 110361.459 2 675.6020 148016.15 
50 1049.7554 95260.288 60 901.0731 110978.785 Zn I 
20 1049.3640 95295.815 15 897.7932 111384.223 10 1632.0013 61274. 46 
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878 V. KAUFMAN AND B. EDLEN 

2.2.a. Vacuum Ultraviclet Linelist by· Sp~~trum - Continued 

In- Wave!ength Wave number In- Wavelength Wave number In- Wave!ength Wave number 
ten- A cm-1 ten- A em-I ten- A cm-1 

sity sity sity 

Zn I - Continued Ge I - Continued Ge 1-Continued 
50 1589.5610 62910.45 200 1917.5924 52148.726 4 1702.3873 58741.040 

4 1468.8451 68080.70 100 1912.4087 52290.079 8 1696.7160 58937.381 
20 1457.5717 68607.26 50 1908.4342 52398.977 8 1695.8597 58967.142 

2 1408.8079 70982.00 . 400 1904.7016 52501.663 4 1694.3424 59019.947 
8 1404.1193 71219.02 10 1903.5620 52533.092 7 1691.8657 59106.347 

Zn II 100 1895.1969 52764.967 7 1691.6254 59114.742 
8 1969.405 50776.75 8 1881.6470 53144.932 20 1691.0897 59133.470 

10 1918.962 52111.51 10 . 1876.0104 53304.609 4 1690.9030 59139.997 
3 1836.653 54446.87 200 1874.2565 53354.4.90 10 1690.0349 59170.377 
8 1747.125 57236.89 70 1865.0525 53617.794 3 1685.2222 !:>933Y.357 
2 1618.968 61767.76 9 1861.0946 53731.821 7 1681.3426 59476.279 
5 1589.780 62901.80 50 1860.0865 53760.941 7 1675.5606 59681.519 

10 1585.368 63076.84 80 1853.1336 53962.649 9 1674.2703 59727.511 
10 1555.764 64277.10 20 1849.6355 54064.707 3 1671.0096 59844.059 
8 1550.937 64477.15 20 1846.9578 54143.09 9 1670.6085 59858.429 
5 1540.122 64929.93 70 1845.8723 54174.928 6 1667.8015 59959.174 

20 1535.085 65142.98 15 1844.4102 54217.873 5 1665.2751 60050.138 
15 1523.903 65620.99 70 1842.4099 54276.739 10 1663.5393 60112.797 
12 1514.761 66017.02 70 1841.3275 54308.643 3 1662.9860 60132.797 
15 1510.362 66209.29 70 lR24.3023 54R15.47fi 5 1661.3453 60192.184 
30 1493.133 66973.27 15 1813.9087 55129.566 2 1660.7956 60212.104 
12 1488.927 67162.45 4 1810.1006 55245.548 3 1658.3752 60299.986 
70 1486.065 67291.81 50 1804.4523 55418.478 6 1651.9547 60534.346 
30 1478.216 67049.1l 40 1802.6246 55474.668 3 1651.5288 60549.958 
40 1477.015 67704.12 50 1801.4323 55511.384 4 1650.2945 60595.245 
15 1462.743 68364.71 40 . 1793.0711 55770.237 3 1647.5310 60696.886 
10 1457.423 68614.28 40 1786.0686 55988.891 4 1643.1931 60857.120 
50 1456.907 68638.56 50 1785.0461 56020.963 6 1639.7300 60985.650 
70 1450.779 68928.48 40 1774.1755 56364.211 2 1635.2590 61152.392 
70 1445.042 69202.14 30 1766.4330 56611.261 2 1630.1733 61343.172 
50 1439.0YI 69488.32 25 1766.0648 56623.064 2 1624.1300 61571.426 
15 1430.991 69881.64 30 1765.2843 56648.099 Ge II 

Ge I 30 1764.1852 56683.391 20 1979.2736 50523.587 
woo 1998.S870 50027.841 15 1759.2712 56841.718 2 1966.3173 50856.493 
150 1997.8064 50054.899 40 1758.2792 56873.790 50 1938.8907 51575.884 
100 1989.1174 50273.553 30 1750.0432 57141.446 50 1938.0076 51599.386 
600 1988.2669 50295.059 20 1748.8572 57180.198 20 1649.1942 60635.671 
300 1987.8493 50305.625 30 1746.0651 57271.633 10 1602.4864 62403.027 
500 1970.8797 50738.765 15 1744.2546 57331.079 7 1581.0698 63248.315 
200 1965.3830 50880.668 15 1744.0537 57337.683 50 1576.8548 63417.381 
100 1963.372B 50932.761 25 1712.1951 5739B.B52 20 153~L0907 65105.671 
500 1962.0133 50968.053 25 1739.1024 57500.926 10 1264.7096 79069.536 
200 1955.1150 51147.886 30 1738.4791 57521.542 50 1261.9053 79245.249 
100 1953.8018 51182.263 15 1738.1185 57533.475 50 1237.0589 80836.892 
300 1944.7~13 51420.986 10 1724.3082 57944.273 10 1075.0720 93017.026 
150 1944.1163 51437.252 8 1720.7464 58114.315 2 1055.0261 94784.382 
300 1938.3003 51591.592 10 1718.6883 58183.906 2 1017.0600 98322.614 
300 1937.4825 51613.370 6 1718.4933 58190.510 10 1016.6377 98363.456 
100 1934.0482 51705.020 40 1716.7845 58248.430 5 999.1011 100089.970 
400 1929.8262 51818.137 15 1715.8356 58280.643 2 920.5537 108630.28 
100 1923.4674 51989.443 I 10 1713.0806 58374.369 I I 905.9771 110378.07 

J. Phys. Chern. Ref. Data, Vol. 3, No.4, 1974 



REFERENCE WAVELENGTHS FROM ATOMIC SPECTRA 879 

2.2.0. Vacuum Ultraviolet Linelist by Spectrum-Continued 

In· Wave!ength Wave number In· Wave!ength Wave number In· Wave!ength Wave number 
ten· A cm-t ten· A cm-1 ten· A cm-1 

sity sity sity 

Ge II- Continued Sr IV- Continued Sr Iv-Continued 
1 875.4927 114221.40 20 478.6113 208937.80 10 295.8897 337963.83 
1 862.2339 115977.81 25 471.7580 211973.07 8 295.3501 338581.20 

Kr I 
20 465.2331 211916.01 9 293.3016 31,0912.52 

1235.838 80916.76 
15 449.4736 222482.49 12 293.2161 341045.43 

30 
25 442.7302 225871.18 10 293.1653 341104.48 

10 1164.867 85846.70 
15 440.1472 227196.72 9 293.0687 341216.97 

5 1030.023 97085.20 
20 437.6558 228490.04 12 291.1881 343420.68 

5 1003.550 99646.22 
20 437.3417 228654.17 12 291.0897 343536.74 

5 1001.061 99894.03 
30 430.6439 232210.43 10 290.-5323 344195.86 

2 963.374 103801.8 
20 430.3576 232364.90 10 299.6795 31.5209.11 

2 953.404 104887.3, 
25 430.2118 232443.63 10 285.2983 350510.38 

1 951.056 105146.3 
15 422.0751 236924.66 10 285.1680 350670.46 

2 946.535 105648.5 '30 419.7836 238217.98 10 285.0364 350832.42 
3 945.441 105770.7 

40 415.3243 240775.71 12 284.3115 a51726.93 
1, 928.711 107676.2 

40 413.0647 242092.84 7 283.1669 353148.62 
1 923.713 108258.8 

30 412.9304 242171.57 9 283.0739 353264.68 
Rb II 12 412.1026 242658.03 10 281.8157 354841.85 

100 741.4562 134869.74 20 410.6711 243503.85 10 274.7384 363982.56 
60 711.1868 140610.04 35 406.9426 245734.92 6 271.1892 368746.31 
30 697.0488 143461.98 35 403.8494 247617.05 8 267.8618 373326.84 
15 643.8784 155308.82 40 399.92'52 250046.76 6 264.2188 378474.25 
25 589.4192 169658.53 10 399.1958 250503~65 Xe I 
2 555.0364 180168.37 50 396.2185 252385.97 40 1469.610 68045.26 
3 530:1729 188617_70 45 394.8951 253231.79 20 1295.586 77185.16 
2 513.2661 194830.70 50 392.9989 254453.63 10 1250.207 79986.76 
1 497.4296 201033.49 75 392.4324 254820.96 10 1192.036 83890.07 

Sr III 4 388.5834 257344.99 8 1170.410 85440.13 
75 562.752 177698.2 20 378.5275 264181.57 4 1129.307 88549.88 

100 514.373 194411.5 5 377.4154 264960.03 4 1110.713 90032.25 
40 507.033 197226.0 10 364.0494 274687.97' 5 1099.716 90932.54 
50 491. 782 203342.0 5 313.4738 319005.94 2 1085.442 92128.40 
75 437.237 228708.7 4 310.7067 321846.94 2 1078.584 92714.20 

9 371.2114 269388.3 9 309.3077 323302.64 1 1070.409 93422.22 
10 363.4916 275109.5 6 307.0226 325708.94 3 1068.167 93618.35 
6 358.8008 278706.2 6 306.1795 326605.80 198Hg I 

10 351.6203 284397.7 5 305.5119 327319.50 500 1849.4918 54068.906 
5 334.1088 299303.7 10 304.6589 328235.89 3 1435.5031 69661.990 
8 330.6636 302422.2 12 301.6691 331489.03 20 1402.6190 71295.198 
5 321.6105 310935.1 10 301.5910 331574.88 25 1307.7509 76467.16 

Sr IV 5 300.3830 332908.33 15 1301.0103 76863.340 
)00 710_348 140776_2 5 300.3254 332972_12 50 1268_8247 78913.095 
200 664.434 150504.1 12 300.2727 333030.58 10 1259.2418 79412.86 

6 580.8645 178296.17 15 300.1237 333195.98 40 1250.5637 79963.938 
25 534.1859 187200.74 9 299.2723 334143.89 15 1235.8371 80916.81 
18 531.8467 188024.11 10 298.9823 334467.92 25 1232.2293 81153.724 
18 498.6804 200529.25 15 298.1187 335436.88 10 1222.3711 81808.22 
20 488.4160 204743.50 8 297.3237 336333.74 20 1220.3672 81942.551 
20 498.2599 204808.95 5 296-_6941 337047-44 5 1213.9035 82379.87 
25 484.2049 206524.12 9 296.6027 337151.32 10 1212.6478 82464.176 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength 

The main purpose of the intensity figures is to aid 
the identification of the lines. Considerable efforts have 
been made to bring them on a reasonably uniform scale, 
but it should be remembered that they are usually based 
on visual estimates of plate blackening, uncorrected for 

plate sensitivity and spectrograph efficiency, and are 
thus consistent only over a limited wavelength range. 
Moreover, the relative intensities within the same 
spectrum depend to some extent upon the light source. 

Wavelength lnten- Spectrum Wavelength lnten- Spectrum Wavelength lnten- Spectrum 
A sity A sity A sity 

1998.8870 1000 Ge I 

I 
1952.5758 5 Cu II 

I 
1924.7537 5 Al II 

1997.8064 150 Ge I 1949.6947 7 Ne II 1924.1654 7 Ne II 

1994.0957 9 Ne 11 1946.7947 2 Ar II 1923.4674 100 Ge I 

1993.6212 2 C ] 1946.4929 10 Cu II 1923.339 20 Mnll 
1991.8537 10 Si ] 1944.7313 300 Ge I 1923.067 20 Mnll 

1990.5310 70 Al .11 1944.5970 25 Cu II 1922.1425 5 Cu II 

1989.8554 30 Cu ]] : 1944.1163 150 Ge I 1921.248 80 Mnll 
1989.1174 100 Ge ] 1939.8749 7 Ne II 1920.6718 5 Cu II 

1988.9937 200 Si I 1939.2606 22 Al II 1920.1812 8 Ne II 

1988".2669 600 Ge 'J 1938.8907 50 Ge II 1920.014 10 Mnll 

1987.8493 300 Ge I 1938.8269 20 Ne II 1919.648 30 Mnll 
1986.3640 100 Si I 1938.3003 300 Ge ] 1919.1985 4 Ar II 

1984.4400 4 Si I 1938.0076 50 Ge II 1918.962 10 Zn II 

1983.2330 60 Si I 1937.4825 300 Ge I 1918.911 3. Mnll 
1981.3883 2 Ar II 1936.9066 15 Al II 1918.640 20 Mnll 

1980.6185 60 Si I 1935.949 14 Al III 1917.5924 200 Ge I 

1979.9565 50 Cu II 1935.863 1 Al III 1916.0818 50 Ne II 

1979.2736 20 Ge II 1935.840 20 Al III 1915.097 100 Mnll 

1979.2056 80 Si I 1934.789 2 Mnll 1914.6981 100 S I 

1977.5978 80 Si I 1934.7129 15 Al II 1914.683 20 Mnll 

1977.0270 15 Cu II 1934.5032 40 Al II 1912.4087 100 Ge ] 
1976.7653 4 Ar JJ 1934.0482 100 Ge I ]91 L40R :\0 Mnll 

1974.4621 4 Ar II 1933.6936 2 Ar II 1910.8252 8 Al II 

1970.8797 500 Gel 1933.5298 9 Ne II 1909.824 6 Mnll 
1970.4946 15 Cll II 1932.595 2 Mnll 1908.4342 50 Ge I 

1969.405 8 Zn II 1932.3768 20 Al II 1907.838 20 Mnll 
1966.3173 2 Ge II 1932.2301 2 Ar II 1907.4940 20 Ne II 

1965.3830 200 Gel 1931.412 30 Mnll 1906.4987 6 Ne II 

1963.3728 100 Ge I 1931.0481 15 AI II 1906.4082 2 Al II 

1962.7634 5 AI II 1930.9056 100 C I 1904.7016 400 Ge I 

1962.7349 7 Al II 1930.0345 30 Ne II 1904.6647 8 Si I 

1962.6910 6 Al II 1929.9775 20 Al II ]904.5068 7 Ne II 

1962.5904 7 Al II 1929.8262 400 Ge I ]903.5620 10 Ge I 

1962.1611 4 AI- II 1929.7510 25 Cu II 1901.3377 80 Si I 

]962.0133 500 Ge I 1928.7866 9 Ne 11 I 1900.2865 200 S I 

]957.5176 20 Cu II 1928.124 4 Mnll 

II 
1899.1943 2 Al II 

1955.1150 200 Gel 1926.946 5 Mn II 1898.135 3 Mnll 
1954.9681 10 Si I 1926.578 50 MnIl 

il 

1897.475 10 Mnll 
1954.0479 7 Ne II 1926.0291 6 AI II 1895.1969 100 Ge I 

1953.8018 100 Gel 1925.512 30 Mil II 1889.7120 10 Nc II 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength-Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum 

I 
Wavelength Inten- Spectrum 

A sity A sity A sity 

1888.7827 8 Ar II 1846.1118 40 Si I 1807.5851 2 Al II 

1888.1064 10 Ne II 1845.9968 8 Ne II 1807.4168 7 Al II 

1887.6928 9 Si' I 1845.8723 70 Ge I 1807.337 10 Ca II 

1886.3860 8 Ar II 1845.5203 40 Si I 1807.328 3 Mn II 

1881.8538 6 Si I 1844.4102 15' Ge I 1807.3110 200 S I 

1881.6889 7 Ne II 1843.9105 8 Ne II 1804.4523 50 Ge I 

1881.6470 8 Gel 1843.7700 40 Si I 1803.7301 7 Ne II 

1877.5231 8 Ar II 1843.088 10 Ca II 1803.417 2 Mn II 

1876.0104 10 Gel 1842.4099 70 Ge I 1802.6246 40 Ge I 
1875.8129 6 Si I 1842.3413 7 Ne II 1801.4323 50 Ge I 

1874.8423 35 Si I 1841.4490 80 Si I 1799.800 4 Mn II 

1874.2565 200 Gel 1841.3275 70 Ge I 1799.1193 6 Si I 
1873.1036 5 Si 1 IH41.1!:>2U 25 Si 1 1798.2814 8 Ne II 

1871.0970 7 Ne II 1840.061 30 Ca II 1796.51,70 7 Ne II 
1868.6600 4 Ar II 1838.0120 8 Si I 1793.751 3 Mn II 

1865.0525 70 Gel 1838.008 20 Ca II 1793.0711 . 40 Ge I 
1862.7895 100 Al III 1836.9635 6 Al II 1790.6603 5 Cu 11 
1862.3111 100 Al II 1836.653 3 Zn 11 1790.2548 5 Si I 
1861.0946 9 Gel 1836.5102 40 Si I 1788.781 4 MnIl 
1860.0865 50 Ge I 1834.8077 25 Al II 1786.0686 40 Ge I 

1859.9796 12 Al II 1833.9099 8 Ne II 1785.0461 50 Ge I 
1859.3605 8 Ne II 1832.8374 40 Al II 1783.2315 5 Si I 
1858.4108 8 Ne II 1829.8975 2 Si I 1782.2624 5 S I 
1858.0262 70 Al II 1828.5876 60 Al II 1776.8241 30 Si I 
1857.9530 7: Ne II 1827.9351 10 Mg I 1776.054 2 MnIl 

1856.2741 3 Al II 1826.3996 100 B I " 1775.199 5 MnlI 
1856.0957 9 Al II 1826.2449 150 S I 1774.206 5 MnIl 
1855.9286 30 Al II 1825.8961 50 B I 1774.1755 40 Ge I 
1855.8054 9 Al II 1824.3023 70 Ge I 1772.344 3 Mnil 
1854.7164 200 Al III 1822.4553 6 Si I 1772.2254 2 Si I 

1853.1521 7 Si J 1820.3421 175 S I 1770.9223 60 Si I 
1853.1336 80 Gel 1818.3494 40 B I 1770.6295 25 Si I 
1853.1147 9 Ne II 1817.9562 2 Si I 1769.7859 14 Si I 

1852.4717 50 Si I 1817.8454 20 B I 1768.583 8 MnIl 
1851. 7829 14 Si I 1817.4517 3 Si II 1767.7308 40 Al II 

1850.691 20 Ca II 1816.9290 30 Si II 1766.495 5 Mnil 
1850.6719 80 Si I 1814.647 2 Ca II 1766.4330 30 Ge I 

1849.6355 20 Ge I 1814.495 18 Ca II 1766.3541 10 Si I 

1849.4918 500 Hgl 1814.0794 50 Si I 1766.0648 25 Ge I 
1849.3784 9 Ne II 1813.9087 15 Ge I 1766.0627 20 Si I 

1848.8229 7 Ne II 1810.1006 4 Ge I 1765.8981 7 Ne II 
1848.7480 50 Si I 1809.969 3 Mnil 1765.8150 30 Al II 
1848.1504 40 Si I 1809.1047 20 Si I 1765.6215 10 Si I 
1847.4737 60 Si I 1808.4301 4 Si I 1765.3659 3 C I 
1846.9578 20 Ge I 1808.0129 15 Si II 1765.2843 30 Ge I 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength-Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

1765.0296 18 Si I 1740.2988 4 Si I 1694.3424 4 Ge I 
1764.1852 30 Ge I 1740.144 20 MnIl 1693.4681 12 Si I 

1763.9521 70 Al 11 1739.7382 5 Al II 1693.2934 25 Si I 

1763.9089 8 C I 1739.1024 25 Ge I 1691.8657 7 Ge I 

1763.8692 50 Al II 1738.7356 8 Ne II 1691. 779 4 Ca II 

1763.6607 16 Si I 1738.4791 30 Ge I 1691.6254 7 Ge I 

1761.9751 30 Al II 1738.344 10 Mnll 1691.0897 20 Ge I 

1760.8191 6 C II 1738.1185 15 Ge I 1690.9030 4 Ge I 
1760.667 10 Mnll 1737.925 30 Mnll 1690.7889 12 Si I 
1760.4735 2 C II 1737.6283 50 Mgn 1690.0349 10 Ge I 

1760.3954 12 C II 1737.6124 6 MglI 1689.2902 12 Si I 
1760.1044 35 Al II 1736.5514 10 Cu II 1687.0923 4 Si I 
1759.5832 2 Si I 1734.8523 30 MglI 1686.8185 20 Si I 
1759.2712 15 Ge I 1734.488 40 Mnll 1686.2505 10 Al II 
1758.5549 8 Ne II 1733.548 50 Mnll 1685.2222 3 G~ I 

1758.2792 40 Ge I 1732.700 30 MnIl 1683.4135 2 Mgl 
1758.1060 7 Ne II 1730.6473 8 Ne II 1682.6734 14 Si I 
1756.8363 8 Ne 11 1726.464 20 Mnll 1681.8089 8 Al II 
1753.4744 60 MgII 1724.9838 90 Al II 1681.3426 7 Ge l 
1753.2811 15 Cu II 1724.9519 50 Al II 1680.051 9 Ca II 

1751.8270 50 C I 1724.3082 10 Ge I 1676.8207 3 Si I 

1751.6980 8 Ne " 1721.2714 90 AlII 1675.5606 7 Ge I 
1750.6637 30 Mgll 1721.2435 50 Al II 1675.2052 40 Si I 
1750.6124 6 Al II 1720.7464 8 Ge I 1674.2703 9 Ge I 
1750.0432 30 Ge. I 1719.4400 80 Al II 1673.860 5 Ca II 

1748.8572 20 Ge I 1718.6883 10 Ge I 1672.7757 10 Cu II 
1747.7937 5 Mgt 1718.4933 6 Ge I 1672.5960 ]6 Si t 
1747.4141 8 Si 1 1717.7214 15 Cu II 1671.1169 8 Si I 
1747.125 8 Zn II 1716.7845 40 Ge I 1671.0096 3 Ge I 
1746.0651 30 Gel 1715.8356 15 Ge I 1670.7867 150 Al II 

1745.3475 5 Si I 1713.0806 10 Ge I 1670.6085 9 Ge I 
1745.2603 20 N I 1707.0606 3 MgI 1668.5204 14 Si I 
1745.24B5 40 N 1 1704.41,16 20 Si I 1668.4288 1 Mgl 
1744.4164 8 Ne II 1702.8694 14 Si I 1667.8015 6 Ge I 
1744.2546 15 Gel 1702.3873 4 Ge I 1667.6288 14 Si I 

1744.0537 15' Ge I 1700.6360 16 Si I 1666.6876 175 S I 

1743.8941 4 Si I 1700.4194 18 Si 1 1666.3762 12 Si I 
1743.338 10 Mnll 1699.7162 2 Si I 1665.2751 5 Ge I 
1742.8712 7 Ne II 1698.183 8 Ca " 1664.5111 7 Si I 

1742.7309 100 N I 1697.9409 50 Si I. 1663.5393 10 Ge I 

1742.7192 20 N I 1696.7160 8 Gel 1663.0324 16 B 1 
1742.1951 25 Gel 1696.2065 40 Si I 1663.0020 30 Cu II 
1741.977 20 Mnll 1695.8597 8 Gel 

I 

1662.9860 3 Ge I 
1741.638 5 Mn II 1695.5075 18 Si I 1662.6107 8 B I 
1741.511 4 Mn II 1694.5989 8 Ne II 1661.4790 100 Be 1 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength ~ Continued 

Wavelength Inten- Spectrum Wave!ength Inten- Spectrum Wavelength lnten- Spectrum 
A sity, A sity A sity 

1661.3453 5 Gel 1622.8806 18 Si I 1590.4768 4 Si 1 

1660.7956 2 Gel 1622.4278 40 Cu II 1590.1649 40 Cu II 
1660.4748 3 Si I 1621.4256 60 Cu II 1589.780 5 Zn 11 

1660.0009 20 Cu II 1620.4049 12 Si 1 1589.5610 50 Zn I 

1658.3752 3 Gel 1619.5266 3 Si 1 1589.1733 3 Si'l 

1658.1212 15 C I 1618.968 2 Zn 1I 1587.7620 3 Si I 

1657.9068 12 C I 1618.3990 5 A1 II 1586.7913 4 Si I 

1657.3792 12 C I 1617.9154 20 Cu H 1586.1372 3 Si I 

1657.0082 30 C I 1616.5794 14 Si I 1585.368 10 Zn II 

1656.9283 12 C I 1615.9488 10 Si I 1584.3455 2 Si I 

1656.3219 20 Cu II 1614.6309 5 Si J 1583.6823 50 Cu II 
1656.2672 15 C I 1614.5665 6 Si I 1582.8458 10 Cu II 
1653.3760 8 Si 1 1611.8735 70 A1 I1J 1581.9953 40 Cu II 
1651.9909 15 Ca II 1611.8141 8 Al III 1581.0698 7 Ge II 

1651.9547 6 Gel 1611.1181 10 Cu II 1580.6257 30 Co. II 

1651.5288 3 Gel 1610.2964 15 Cu II 1580.3001 2 Si I 

1651.0279 5 Si 1 1608.9157 5 Si I 1580.0250 15 Cu II 

1650.2945 4 Gel 1608.6393 25 Cu u 1579.4918 30 Cu lJ 

1649.8579 30 Can 1608.4379 3 C 1 1578.8121 4 At n 

1649.4575 25 Cu II 1606.9600 2 C 1 1576.8548 50 Ge 11 

1649.1942 20 Ge II 1606.9260 8 Ar II 1575.8155 4 At II 

1647.5310 3 Gel 1606.8341 40 Cu II 1575.1268 2 Si 1 

1644.8089 10 Al II 1605.8370 4 Si I 1574.8435 6 Si l 

1644.4428 18 Ca II 1605.7661 40 Al III 1573.8840 5 Si I 

1644.2348 10 Al II 1605.2813 30 Cu II 1573.6350 2 Si I 

1643.7979 10 Ca II 1604.8475 20 Cu II 1571.4058 2 Si I 

1643.1931 4 Gel 1604.0815 15 Ar 11 1569.4155 10 Cu II 

1642.8033 2 Ca II 1603.0743 8 Ar If 1569.3853 50 Al II 

1639.7300 6 Gel 1602.9715 6 C 1 1569.2123 10 Cu II 
1636.6050 10 Cu II 1602.4864 10 Ge Il 1568.1963 2 Si 1 

1635.2590 2 Gel 1602.3880 40 Cu 11 1566.4148 40 eu n 
1633.9851 18 Si I 1602.2729 15 Cu II 1565.9243 40 Cu n 
1633.3277 8 Si J 1600.1327 8 Ar JI 1562.4422 2 Ar rc 
1033.2200 9 Si 1 1598.7212 2 Ar II 1561.4384 40 C I 
1632.0013 10 Zn I 1598.4023 40 eu II 1561.3402 10 C I 

1630.2681 25 Cu Ii 1597.9620 12 Si I 1560.7090 10 C I 
1630.1733 2 Gel .1596.0586 12 Al II 1560.6822 30 C I 
1629.9477 20 Si I 1595.7552 6 Si 1 1560.3092 15 C I 
1627.7459 6 Si 1 1594.9493 14 Si I 1559.0712 4 Ar II 

1627.0498 4 Si I 1594.5655 14 Si I 1558.3447 30 Cu n 

1625.7051 14 Si ,I 1593.5556 60 eu II 1557.5867 20 Cu II 

1625.6271 15 A1 fl 1592.4234 12 Si I 1555.764 lO Zn ([ 
1625.5320 7 Si J 1592.0200 4 Si I 1555.7030 50 Cu 1I 

1624.1300 2 Gel 1591.1233 4 Si I 1555.1344 40 Cu 11 
1623.4971 2 Si I 1590.5763 3 Si I 1554.6415 15 Ca II 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength - Continued 

Wavelength Inten~ . Spectrum' I Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A shy A . sity A sity 

1553.8962 25 Cu 11 1512.4646 20 Cu II 1474.9348 20 Cu II 

1553.1761 10 Ca II 1512.1739 20 Cu II 1474.5706 6 S I 

1552.6464 50 Cu II 1510.9812 4 C J 1474.3785 20 S I 
1551.3890 30 Cu 11 1510.50~H 35 Cu II 1473.9942 100 S I 

1550.937 8 Zn II 1510.362 15 Zn H 1473.9785 25 Cu H 

1550.6533 30 Cu II 1508.6323 30 Cu II 1473.5299 15 Cu II 
1547.9582 10 CUll . 1508.1846 25 Cu II 1473.0187 18 S I 

1545.2485 2 C 1 1505.3878 20 Cu II 1472.9708 50 S I 
1544.6771 40 Cu /I 1504.7571 25 Cu II 1472.3950 20 Cu If 
1543.9594 3 C r 1503.3682 15 Cu II 1472.2317 2 C 1 

1542.1769 8 C I 1501.3363 10 Cu II 1470.6974 40 Cu II 
1541. 7032 75 Cu II 1499.5132 10 Cu II 1470.0940 3 C I 
1541.5099 2 C I 1496.6867 35 Cu If 1469.6928 15 Cu II 
1540.5883 30 Cu II 1495.4298 25 Cu II 1469.610 40 XeI 
1540.3887 30 Cu II 1494.6751 250 N I 1468.8451 4 Zn 1 

1540.2394 20 Cu II 1493.3665 25 Cu II 1468.4106 3 C I 
1540.122 5 Zn II 1493.133 30 Zn II 1467.4024 12 C I 
1539.8303 100 Al II 1492.8343 30 Cu II 1466.7284 ' 5 Cu II 
153H.4795 1U Cu II 1492.8195 50 N I 1466.5240 10 Cu II 
1538.0907 20 Ge II 1492.7376 2 C I 1466.0702 20 Cu II 

1537.5590 50 Cu JJ 1492_6817 10 Cu 11 1465_5408 15 Cu II 
1535.5238 15 Cu II 1492.6254 400 N I 1463.8381 40 Cu 11 
1535.085 20 Zn 11 1492.1525 10 Cu Il 1463.7515 20 Cu II 
1535.0023 25 Cu II 1491. 7647 30 Be I 1463.3367 20 C I 

1533.9865 25 Cu II 1488.927 12 Zn II 1462.743 15 Zn 11 

1533.4318 100 Si II 1488.8311 75 Cu II 1461.5539 15 Cu II 

1532.1306 30 Cu II 1487.1503 40 S I 1459.4117 25 Cu II 

1531.8559 50 Cu II 1486.065 70 Zn II 1459.0314 10 C r 
1526.9276 5 Cu II 1485:6219 25 S I 1458.0016 30 Cu 11 

1526.7071 50 Si II 1485.3277 20 Cu II 1457.5717 20 Zn 1 

1525~ 7645 15 Cu II 1483.5029 6 Ne II 1457.423 10 Zn II 

1524.8601 20 Cu II 1483.2337 20 S 1 1457.1759 10 Cu II 

1523.903 15 Zn II 1483.0392 70 S I 1456.907 50 Zn II 

1523.7413 10 Cu II 1482.8903 20 Mgll 1452.2935 20 Cu II 

1522.5768 15 Cu II 1481. 7631 15 C I 1450.779 70 Zn H 

1520.5396 20 eu II 1481.7133 15 S I 1150.3035 25 Cu 11 

1519.8371 60 Cu II 1481.6635 30 S I 1449.0580 20 Cu II 

1519.4918 50 Cu II 1481.5438 20 Cu 11 1448.2302 20 S I 

1517.9300 10 Cu II 1480.8797 10 MglI 1445.9835 20 CUll 
1517.6310 20 Cu II 1478.216 30 Zn II 1445.042 70 Zn II 

1517 .1599 10 Cu 11 1478.0030 30 MgIl 1443.5419 10 Cu II 

1514.761 12 Zn II 1477.015 40 Zn II 1442.1386 15 Cu 1I 

1514.4924 50 Cu II 1476.0593 15 Cu II 1439.091 50 Zn II 

1514.2339 10 Cu II 1475.9998 15 MglI 1436.9674 20 S J 

1513.3659 20 Cu II 1475.9603 8 Ne II 1436.2359 15 Cu II 
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2.2.b. Vacuum Ultraviolet linelist.by Wavelength-Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

1436.160 5 Si JII . 1396.1136 500 S I 1354.2886 10 C I 

1435.772 10 Si JII 1393.1275 10 Cn II 1351.8366 25 Cn II 

1435.5031 3 Hg I 1392.5893 250 S I 1351.6568 100 Cl I 

1435.3155 10 Cn II 1391.8544 7 Ne II 1350.5938 15 Cn II 

1434.9037 25 Cn II 1391. 7029 6 Ne II 1350.1782 80 Al II 

1434.7699 15 Cn II 1389.9569 400 CI I 1347.2397 200 Cl I 

1433.8404 10 Cn II 1389.6928 500 CI I 1342.5536 6 Ca II 

1433.7493 9 Ca II 1389.1544 150 S I 1341.8901 12 Ca II 

1433.3104 15 S I 1388.4901 5 Ne II 1340.9141 ·3 ..,"'..-- .- eu II 

1433.2787 50 S I ]388.4357 450 S I 1335.7257 60 Cl I 

1432.5028 6 Ca II 1387.5158 8 Ne II 1335.7077 600 C II 
1430.991 15 Zn II 1385.893 2 MnIl 1335.6627 90 C II 
1430.2428 40 Cu II 1385.5109 200 S ] 1334.5323 300 C II 
1428.5822 9 Ne II 1384.1319 60 Al III 1332.2228 5 Cn II 
1428.3580 15 Cu II 1382.304 2 MnIJ 1331.8907 5 Cn II 

; 

1427.8290 20 Cn II 1381.5527 250 S I 1329.6005 4 C I 
1427.5912 10 Cu II 1379.6696 30 Al III 1329.5775 10 C I 
1426.1167 15 Be ] 1379.5278 400 Cl I 1329.1233 2 C I 
1425.2191 7 S I q77.945 3 Mnll 1329.1004 4 C I 
1425.1878 12 S I 1375.5019 3 Cn II 1329.0853 3 C I 

1425.0300 80 S I 1373.1163 50 CI I 1328.8333 3 C I 
1423.5645 8 Ne II 137L8399 20 Cn II 1328.4129 5 Cn II 
142L 7589 25 Cn II 1371.2401 80 Al II 1326.6432 30 S I 
142L3737 5 Cu II 1370.5600 2 Cu II 1326.570 6 N ] 

1418.4265 25 Cu II 1369.4231 10 MglJ 1326.3954 10 Cu II 

1418.3779 9 Ne II 1367.9509 25 Cu II 1325.5135 3 Cn II 
1415.7144 7 Ne II 1367.7082 5 MglJ 1323.9955 2 C II 
1414.8980 10 Cu II 1367.2565 20 MglI 1323.9513 15 C II 
1413.9570 7 Ne II 1367.047 5 Si III 1323.9059 10 C II 
1412;8734 15 S ] 1365.5442 10 MglI 1323.8617 2 C II 

1411.9483 30 N I 1364.1639 12 C I 1323.7943 6 Cu II 
1411.932 20 N I 1363.5031 5 Cu II 1323.516 40 S I 
140Q.74tl7 6 Ne II 1363.4471 250 CI I 1525.2042 3 Cn II 
1409.3378 20 S I 1362.5997 20 Cn II 1322.6326 6 Cn II 
1408.8079 2 Zn I 1362.461 100 B II 1321. 7962 5 Cu II 

1407.1689 15 Cu II 1361.596 8 Si III 1320.6858 10 Cu II 
1405.3752 8 Ne II 1359.9362 5 Cu II 1319.675 12 N ] 

1404.1193 8 Zn I 1359.2753 4 C I 1319.001 6 N I 
1403.6827 8 Ne II 1359.0091 20 Cu II 1316.6183 18 S ] 

1402.7770 15 Cu II 1358.7730 30 Cu II 1316.5423 30 S I 

1402.6190 20 Hgi 1358.5123 10 0 ] 1315.9184 2 C I 

1401.5142 15 S I 1357.6593 2 C I 1314.3366 30 Cu II 

1399.5333 8 Ne )] 1357.1345 6 C I 1314.1495 15 Cu II 

1398.6419 10 Cn II 1355.5977 15 0 I 1313.4648 3 C I 

1396.5267 250 CI 1355.3053 15 Cu II 1313.2493 6 S I 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength - Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

1311.9244 2 C r 1280.0991 5 S r 1248.7916 5 Cll II 

1311.3629 10 C r 1279.8905 8 C r 1243.307 30 N I 
1310.944 12 N r 1279.4978 2 C I 1243.178 50 N I 

. 1310.6372 2 C I 1279.22.87 4 C I 1241.9641 2 Cll II 

1310.5403 18 N I 1279.0559 3 C I 1240.3947 25 MgII 

1310.1940 14 S I 1277.9539 2 C I 1239.9252 50 MgII 
1309.4633 15 Co II 1277.7230 8 C r 1239.1674 6 Ne II 

1309.4434 6 Mgn 1277.5497 30 C 1 1237.0589 50 Ge II 

1309.2766 15 Si II 1277.5131 3 C I 1235.838 30 Kr I 

1308.2971 30 Cll II 1277.2824 20 C I 1235.8371 15 HgI 

1308.2807 10 MglJ 1277.2452 10 C I 1232.2293 25 HgI 
1307.8754 3 MgIl 1276.7499 4 C I 1230.168 20 B II 

1307.7509 25 Hgl 1276.4823 2 C I 1229.8367 9 Ne II 

1306.7139 5 MgIl 1275.5717 30 Cu II 1229.6873 7 Ne II 

1306.0286 30 0 I 1274.9841 3 C I 1228.790 4 N I 

1305.8834 13 S I 1274.4651 3 Cll II 1225.369 4 N I 
1305.5608 5 Cll II 1274.0708 3 Cll II 1225.0257 6 N I 
1304.8576 90 0 I 1272.0417 8 Co II 1222.3711 10 HgI 
1304.3711 8 Si II 1271.3178 2 Co II 1220.3672 20 HgI 
1303.4295 11 S I 1270.7821 15 S I 1217.6477 30 0 I 

1303.1105 10 S I 1269.2086 5 S I 1215.6701 100 H I 
1302.8633 10 S I 1268.8247 50 HgI 1215.3394 100 D I 

1302.3370 15 S I 1266.6481 70 Al II 1213.9035 5 Hgi 
1302.1685 150 0 I 1266.4151 2 C I 1212.6478 10 Hgl 
1301.0103 15 Hgl 1266.3101 10 Cll II 1211.9531 '50 Al II 

1299.2678 10 Cu II 1265.5062 15 Cu II 1211.8983 60 Al II 

1298.3949 15 Cu II 1265.0022 8 Si II 1210.0817 50 Al II 

1296.1738 8 S I 1264.7379 80 Si II 1209.1914 40 Al II 
1295.6526 16 S I 1264.7096 10 Ge II 1208.3522 50 Al II 

1295.586 20 Xe I 1262.9249 3 Cu II 1205.9029 2 Cu II 

1291.577 2 Mnll 1262.8596 8 S I 1201.6258 2 Cll II 

1290.925 2 Mnll 1261.9053 50 Ge II 1201.3527 20 Cl I 

1289.9775 3 C I 1261.5520 10 C I 1201.118 2 Mnll 
1288.4226 5 C I 1261.4258 5 C I 1200.7098 150 N I 

1288.0370 2 C I 12'61.1224 5 C I 1200.2233 350 N I 

1287.4683 15 Cll II 1260.9963 3 C I 1l99.!>49() 500 N I 

1284.8712 8 Cu II 1260.9267 4 C I 1199.391 2 Mnll 
1282.4547 15 Cll 11 1260.7353 5 C 1 1197.3941 4 Si 11 

1281.4616 8 Cu II 1260.4223 40 Si II 1197.184 4 Mnll 
1280.8471 8 C I 1259.2418 10 Hgl 1194.6146 8 C I 

1280.5971 6 C I 1258.8585 70 Al II 1194.5004 20 Si II 

1l8U.4U43 l C I 1253.1809 5 Cu II 1194.4883 10 C I 

1280.3330 20 C I 1250.5637 40 Hgl 1194.4056 6 C I 

1280.2682 5 Cu II 1250.207 10 Xe I 

I 
1194.3010 4 C I 

1280.1351 6 C I 1250.0483 10 Cu II 1194.2294 4 C I 
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2.2.b. Vacuum Ultraviolet.LineHst by Wavelength-Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

1194.0636 10 C I 1145.3941 3 CI I 1090.2706 7 Cl I 

1193.9953 4 C I 1144.8556 30 Cu II 1088.3953 20 Cu II 

1193.3933 10 C I 1144.2909 8 Cl I 1086.1102 5 Cu II 

1193.2898 8 Si II 1142.9529 20 Al II 1085.701 150 N II 

1193.2644 4 C I 1142.6405 20 Cu II 1085.546 30 N II 

1193.2402 30 C I 1141. 7445 2 C 1\ 1085.529 2 N II 

1192.4508 4 C I 1141.6246 4 C II 1085.442 2 Xel 
1192.2173 2 C I 1I39.3317 4 C II 1085.3035 5 CI I 

1192.036 10 Xe I 1138.9358 2 C II 1085.1709 4 CI I 
1.1 (H .8111 50 Al II 1 B5.3310 6 C:1 I 1084.6671 4. CI I 

1190.4160 4 Si \ II 1134.9803 300 N I 1084.580 80 N II 

1190.0518 40 Al II 1134.4149 200 N I 1084.562 30 N II 
1189.6308 20 C I 1134.1653 100 N I 1083.990 40 N II 

1189.4470 ' 15 C I 1133.9341 6 Cl I 1079.8821 3 CI I 
1189.2488 8 C I 1132.8528 5 CI I 1079.0796 100 Cl 1\ 

1189.1854 30 Al II 1132.7256 3 Al II 1078.584 2 Xel 
1189.0651 6 C I 1129.307 4 Xel 1075.2293 100 Cl II 
1188.9926 15 C I 

I 
1123.2260 5 Cu II 1075.0720 10 Ge II 

1188.8330 6 C I 1119.9470 15 Cu II 1073.7789 5 Nell 
1I88.7743 25 CI I 1110.713 4 Xel 1073.7454 30 Cu II 

1188.7515 6 Cl I 1l1O.2Q4R R Cl I 1071. 7667 120 CI II 

1179.3541 30 Al II 1107.5282 10 Cl I 1071.0358 180 Cl II 

1179.2927 60 Cl I 1105.1765 5 Cu II 1070.409 1 Xel 
1177.6948 5 N I 1101.9362 4 CI I 1070.3112 15 Cu II 

1177.4371 40 Al II 1l01.3381 6 Cl ( 1069.1954 50 Cu II 

1176.5098 9 N I 1100.3597 2 N I 1068.6488 7 Nell 
1170.1,10 8 Xc I 1099.716 5 Xel 1068.167 3 Xel 

1168.5358 7 N I 1099.5230 4 CI I 1067.9442 60 Cl II 

1168.3344 2 N 1 1098.2599 2 N I 1066.6599 50 Ar ( 
1167.4485 10 N I 1098.0951 2 ' N I ]066.1343 20 Cu II 

1167.1479 15 Cl I 1098.0682 4 Cl I 1066.1332 10 C II 

1164.867 10 Kr'l 1097.3692 6 Cl I 1065.9199 2 C II 
11"64.3246 2 N 1 1097.2372 5 N I 1065.8913 18 C II 

1164.208 3 Mnn 1097.0529 25 Cu II 1065.7821 20 Cu II 
1163.8836 3 N I 1096.8098 5 Cl I I 1063.8311 120 C) II 

1163.326 4 MnlI 1095.7971 8 CI I 1063.0052 60 Cu II 

1162.015 5 Mnll 1095.6619 7 Cl I 1060.6343 60 Cu II 
1158.9667 4 C I 1095.1483 7 Cl I 1059.0960 60 Cu II 
1158.2103 10 Al II 1094.7686 8 CI I 1058.7988 40 Cu II 

1157.9095 15 C I 1094.4025 30 Cu II 1056.9546 60 Cu II 

1157.4055 3 C 1 1092.4366 5 Cl 1 1056.6613 40 Al II 
1157.0881 30 Al II 1092.1287 4 Cl I 1055.7968 40 Cu II 
1157.0206 5 Cu II 1091.2916 5 Cu II 1055.2802 30 Al II 
1156.5602 4 C I 1090.9815 5 CI I 1055.0261 2 Ge II 
1152.1512 50 0 I 1090.7386 4 Cl I 1054.6901 60 Cu II 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength - Continued 

Wavelength Inten- Spectrum Wave!ength Inten- Spectrum Wave!ength Inten- Spectrum 
A sity A sity A sity 

1054.6031 20 Al II 1023.7003 6 Si II 973.8852 6 0 I 

1052.1747 20 Cn II 1022.4143 1 cfl 973.2342 20 0 I 

1050.4028 10 Cn II 1022.1021 5 Cn II 972.5368 7 H I 

1050.1536 10 Cn II 1020.6990 3 Si II 972.2722 7 D I 

1049.9233 50 Al II 1020.1076 15 Cn II 971. 7381 30 0 I 

1049.7554 50 Cn II 1019.6545 15 Cn II 968.0416 25 Cn II 

1049.3640 20 Cn II 1018.7073 50 Cn II 967.944 15 Si III 

1048.5588 45 Al II 1018.0642 15 Cn II 965.0413 2 N I 
1048.2199 100 Ar I 1017.9980 15 Cn II 964.6256 4 N I 
1047.8893 35 Al II 1017.0600 2 Ge II 963.9903 6 N I 

1044.7435 80 Cn II 1016.6377 10 Ge II 963.374 2 Kr I 

1044.5188 80 Cn II 1013.6635 3 CI I 961.4997 40 CI II 
1041.6876 10 0 I 1012.5971 25 Cu II 960.4135 20 Cu II 
1041.1480 1 CI I 1010.2690 30 Cn II 958.1542 40 Cn II 

1040.9425 30 0 I 1008.7284 
! 

30 Cn II 956.2903 25 Cn II 

1040.3475 3 CI I 1008.5688 30 Cn II 955.9766 30 Al II 

1039.5821 60 Cn II 1004.0554 30 Cn II 954.8466 25 Al II 
1039.3477 60 Cn II 1003.550 5 Kr I 954.3830 20 Cn II 
1039.2304 50 0 I 1002.3464 2 CI I 954.3050 30 Al II 
1038.7779 2 CI I 1001.061 5 Kr I 953.9699 6 N I 

1037.5871 3 CI I 1001.0130 8 Cn II 953.6549 4 N I 

1037.0182 300 C II 999.4974 30 0 I 953.4152 2 N I 
1036.4695 60 Cn II 999.1011 5 Ge II 953.404 2 Kr I 
1036.3367 150 C II 998.3060 8 Cn II 953.1822 25 Al II 
1035.2148 3 CI I 992.9532 25 Cn II 952.9413 2 0 I 

1035.1628 8 Cn II 990.8623 35 Al II 952.6301 15 Al II 
1033.5677 10 Cn II 990.8010 15 0 I 952.3178 6 0 I 
1031. 7662 8 Cn II 990.5327 5 CI II 951.056 I Kr I 
1031.5070 I CI I 990.2043. 30 0 I 950.8846 10 0 I 
1031.3486 2 CI I 990.1269 12 0 I 950.7327 4 0 I 

1030.2633 20 Cn II 989.6475 30 Al II 950.1121 12 0 I 
1030.023 5 Kr I 989.0525 20 Al II 949.7430 3 H I 
1029.7508 10 Con II 988.7734 flO 0 I 949.4847 3 D I 

1028.6162 1 CI I 988.6549 12 0 I 948.6855 20 0 I 
1028.3279 25 Cn II 987.7772 35 Al II 946.7694 5 Mgll 

1028.1571 10 0 I 987.6570 10 Cn II 946.7032 10 MglI 
1027.8311 50 Cn II 986.5712 30 Al II 946.535 2 Kr I 

1027.4307 30 0 I 985.9802 20 Al II 945.9648 50 Cn II 

1027.3386 1 CI I 978.946 3 B II 945.8769 40 Cn II 

1026.1133 10 MglI 978.6170 4 0 I 945.5249 60 Cn II 

1025.9681 20 MglI 977.9594 12 0 I 945.441 3 Kr I 

1025.7618 50 0 I 977.5674 25 Cn II 943.3348 60 Cn II 

1025.7223 20 H I 976.5532 10 Cn II 939.5232 10 Cn II 

1025.5528 2 CI I 976.4481 20 0 I 939.2346 3· 0 I 

1025.4433 20 D I 974.7589 20 Cn II 939.097 5 Si III 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength - Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

938.6249 2 0 I 907.4115 2 MglI 873.2629 15 Cu II 

938.0200 6 0 I 907.3752 4 MglI 872.8505 20 CI II 

937.8405 5 0 I 906.1134 40 Cu II 872.1338 10 CI II 

937.8035 2 H I 905.9771 1 Ge II 871.0676 8 Cu II 

937.5484 2 D I 904.4801 60 C II 870.5389 8 Cu II 

936.6295 10 0 I 904.1416 300 C II 869.7541 15 Ar I 

935.8977 60 .cUll 903.9616 120 C II 869.3360 25 Cu II 

935.3434 20 Cn II 903.6235 60 C II 869.0641 10 Cn II 
935.2752 20 Al II 901.0731 60 Cn II 869.0127 10 CI II 

9:l5_2:l25 40 Cn II R97_7932 15 Cn II 868.5774 30 CI II 

935.1930 30 0 I 896.9762 40 Cn II' 867.7336 8 Cn II 

935.0198 25 Al II 896.7588 60 Cn II 866.8000 18 Ar I 

934.0150 20 Ai II 895.9539 36 <":1 II 866.4427 5 ' Cn II 

933.9382 20 Al II 894.3102 15 Ar I 865.3902 40 Cu II 

933.4077 10 Al II 894.2274 40 Cn II 864.6198 20 CI II 

932.9780 10 CI II 893.896 4 Al III 864.069 3 B II 

932.9385 5 Al II 893.6777 80 Cn II 862.,2339 1 Ge II 

932.4075 4 Al II 893.5483 40 Cl II 861.9936 40 Cu II 

932.0537 75 Ar II 892.4144 50 Cn II 858.5590 40 C II 

930.8862 3 0 I 892.0242 2 Al III ,858.4869 25 Cn II 

930.7483 1 H I 890.5669 60 Cn II 858.0918 20 C II 

930.4951 1 D I 889.8173 10 CI II 856.7457 20 Al III 

929.5168 5 0 I 888.0256 40 CI II 855.7002 10 Cn II 
928.711 1 Kr I 886.9434 60' Cu II 855.4762 5 Cu II 

926.9588 24 CI II 886.5111 10 Cu II 855.0340 10 Al III 

924.3022 2 CI II 885.8472 25 Cu II R52.9061 3 Cu II 

924.2386 50 Cu II 884.4346 8 Cu II 851.6917 100 CI II 

923.713 1 Kr I 884.1332 10 Cu II 851.3027 25 Cu II 

922.4161 20 Cu II 882.8895 15 0 I 850.7509 4 CI II 

922.0727 10 0 I 879.9466 18 Ar I 850.7480 2 Cu II 

922.0190 60 Cu II 879.5507 8 0 I 849.3594 3 Cu II 

922.0081 10 0 I 879.1001 10 0 I 848.8075 15 Cu II 
921.3670 20 Al II 879.0194 6 0 I 844.9122 5 Cu II 

920.7160 10 Al II 878.9720 8 0 I 844.6128 3 Cu II 

920.5537 2 Ge II 878.6986 50 Cu II 842.8051 10 Ar I 

920.3166 15 Al II 878.2007 10 0 I 841.4191 140 CI II 
919.7810 100 Ar II 877.8787 30 0 I 839.6001 160 CI II 
916.704 150 N II 877.8471 15 Cll II 839.2972 120 CI II 
916.015 60 N II 877.7983 10 0 I 835.0021 10 Ar I 
915.962 30 N II 877.5548 20 Cll II 834.7223 40 CI II 

915.612 30 N II 877.0121 25 Cll II 834.6463 60 CI II 

914.8574 7 CI II 876.7227 20 Cu II 834.4229 20 CI II 
914.2133 80 Cn II 876.0577 18 Ar I 834.3918 15 Ar I 
911.9457 5 Al II 875.4927 1 Ge II 

I 829.8029 16 CI II 
910.5185 15 Cu II 874.2790 10 CI II 1 826.9961 30 Cn II 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength - Continued 

Wavelength Inten Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

826.3649 12 Ar I 754.5869 16 Cl II 704.5238 9 Ar II 

825.3460 12 Ar I 753.6251 12 CI II 701.0721 5 CI II 

823.409 15 Si III 749.939 5 Si IV 698.7745 9 Ar II 

820.1235 8 Ar I 748.369 10 N II 698.4482 5 CI II 

818.128 30 Si IV 748.1982 7 Ar II 697.9419 6 Ar II 

816.4640 7 Ar I 747.5649 2 CI II 697.4890 5 Ar II 

816.2320 12 Ar I 746.984 15 N II 697.0488 30 Rb II 

815.053 15 Si \V 745.841 5 N 1\ 696.2170 15 Al111 
813.8834 20 Cu II 745.3222 12 Ar II 696.1386 24 CI II 

812.1594 5 0 I 744.9248 15 Ar II 695.8289 30 Al III 

812.0936 7 0 J 743.7196 35 Ne J 693.947 15 B 11 

811. 7064 4 0 I 741.4562 100 Rb II 693.5947 30 CI II 
31] .4968 5 0 I 740.2692 15 Ar II 693.3019 6 Ar II 

811.0512 20 0 I 738.9117 4 CI II 692.7820 7 Cl II 

810.9984 15 Cu II 737.4537 2 Ar II 691.0373 5 Ar II 

810.6650 7 0 I 736.0319 25 Cu II 690.9645 16 Cl II 

806.5472 3 Cu II 735.8963 100 Ne I 688.1424 14 CI II 

802.8911 4 Cl II 735.5203 20 Cu II 687.6575 30 Cl II 

797.9455 20 Cl II 730.9121 30 CI II 687.346 120 C II 

797.4552 10 Cu II 730.9297 12 Ar II 687.0526 60 C II 

795.3537 80 Cl II 729.5235 24 CI II 686.4884 6 Ar II 

793.4574 80 CI II 729.3406 30 CI II 685.3968 2 Cu II 

793.3424 100 CI II 728.9513 50 Cl II 685.1406 8 Cu II 
792.9671 10 0 I 726.9152 2 Al III 684.8623 20 Cl II 

792.9381 9 0 I 725.6826 1 Al III 682.0516 30 Cl II 

792.5063 7 0 I 725.6570 20 CI II 679.4006 15 Ar II 

792.2628 60 CI II 725.5485 18 Ar II 679.2184 10 Ar II 

792.2330 9 0 I 725.2717 40 CI II . 677.9518 10 Ar II 

791.9.732 30 0 J 724.4887 15 Cu II 676.2425 12 Ar II 

791.5136 10 0 J 723.3606 30 Ar II 675.6020 2 Cu II 

789.0997 16 Cl II 719.2703 24 Cl II 672.8563 8 Ar II 

788.9860 60 CI II 718.1787 10 Cu II 672.001 5 N II 

788.7408 100 CI II 718.0899 15 Ar II 671.8513 30 Ar II 

787.5805 100 Cl II 717.5327 3 CI II 671.8436 14 Cl II 

779.2949 8 Cu II 717.1519 24 Cl II 671. 773 5 N II 

717.5623 40 CI II 715.5874 26 Cl II b</1.b3U 3 N II 

775.965 100 N II 714.0521 26 CI II 671.411 4 N II 

774.7916 12 Cl 11 712.9584 2 Cl II 671.386 15 N I1 

770.6QR6 2 0 I 712.6792 28 CI II 671.016 5 N II 

770.3464 3 0 I 711.1868 60 Rb II 670.9455 20 Ar II 

769.4083 8 0 I 710.5210 12 CI II 667.4825 6 Cl II 

769.3528 3 0 I 710.348 100 Sr IV 666.1465 14 Cl II 

762.2001 6 Ar II 709.3129 10 Cu II 666.0502 10 Cl II 

761.5791 2 Ar II 709.1616 18 CI II 666.0246 10 Cl II 

754.8240 7 Ar II 707.4581 28 CI II 666.0109 15 Ar II 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength - Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

665.5316 4 Cl II 618.6717 15 Nel 582.5982 2 Nel 
665.2295 10 Cl II 618.0539 14 Cl II 582~156 3 N II 

665.1679 8 CI II 617.6293 10 CI II 580.8645 6 Sr IV 

664.7199 20 CI II ' 617.3161 4 Cl II 580.2632 12 Arll 
664.5623 10 Ar II 616.4631 2 CI II 578.6044 9 Arll 

664.434 200 Sr IV 615.6283 15 Nel 578.1072 9 Ar II 
663.6432 20 CI II 615.3233 3 CI II 576.7364 10 Arll 
663.0723 40 CI II 612.3716 10 Ar II 575.4019 5 CI II 

662.1637 20, CI II 602:8585 10 Ar II 574.650 5 N II 

661.8690 18 Ar II 602.7263 12 Ne I 574.4088 16 CI II 

661.8394 26 Cl II 600.0366 6 Ne I 574.2946 10 Cl II 

661.6588 6 Cl II 599.2056 10 Cl II 574.2809 120 C III 

660.286 ~5 N II 598.8908 3 Ne I 573.3b~U ' 12 Ar II 

659.8107 20 Cl II 598.7056 7 Ne I 572.0136 9 Ar II 

657.9335 3 Cl II 598.4179 2 Cl II 572.0083 6 Cl II 

655.1427 14 C) II 598.3026 2 C1 II 571.9033 8 C1 II 

653.8556 10 CI II 597.7001 12 Ar II 569.8349 4 Cl II 

653~334 10 Si 111 595.9200 10 Nel 566.8002 5 Cl II 

652.219 6 Si 111 595.022 20 C II 566.613 15 Si IIJ' 

651.672 2 Si III 594.8000 10 C II 565.8366 5 C1 II 

650.8935 20 Cl II 594.4756 6 Cl II 565.7376 6 Cl II 

645.178 30 N II 593.2888 4 Cl II 565.5280 10 C III 

644.837 20 N II 591.8303 5 Ne) 564.9716 4 Cl II 

644.634 10 N II 591.4117 1 He I 564.7775 4 Cl II 

643.8784 15 Rb II 590.8491 6 CI II 564.5782 5 Cl II 

643.2069 4 CI II 589.9114 3 Ne I 563.6169 5 Cl II 

639.4578 8 CI II 589.9001 5 CI II 562.752 75 Sr III 

638.2909 18 CI II 589.4192 25 Rb" 562.6651 4 Cl II 

637.0691 14 CI II 589.1793 3 Nel 562.5662 6 C1 II 

636.6244 20 CI II 588.8564 4 CI II 562.3684 6 CI II 

636.2511 4' C II 588.7857 7 Cl II 562.2867 ,2 C1 II 

635.9945 2 C II 588.0413 4 Cl II 561.5930 4 C1 " 
635.8802 16 CI II 587.212S 3 Ne I 560.990 5 Si IV 

635.197 3 N II 587.1616 4 Cl II 560.4369 10 C II 

634.6222 8 C1' II 587.0041 3 C1 II 560.4331 5 Al III 

634.2568 10 CI II 586.4528 2 Cl II 560.3173 10 Al III 

631.8314 8 C1 II 586.3828 8 Cl " 560.2394 ,5 C II 

629.7388 18 Nel 586.3141 2 Ne I 560.2233 9 Ar II 

626.8232 20 Ne I 586.2442 10 C1 I 559.533 3 Silv II 
I 626.7339 14 Cl' II 586.1955 5 B " 559.5279 6 Cl II 

623.0617 7 C1 II 585.2473 2 Ne I 559.4065 5 Cl " 
621.1369 9 C1 II 584.8829 6 Cl II 559.3057 7 Cl II 

620.2958 16 Cl II 584.7718 ' 6 Cl " 556.8170 12 Ar II 
619.9798 12 Cl II 584.3340 . 100 He I 555.7660 3 Ar II 
619.1024 12 Ne I 583.4371 10 Ar II 555.0364 2 Rb II 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength - Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

553.1263 2 Arll 516.344 10 Si IV 474.248 3 Sc IV 

550.4810 4 ArIl 515.6165 5 He I 474.114 4 Sc IV 

549.5700 2 .C 11 515.118 5 Si IV 472.995 5 Sc IV 

549.5110 10 C II 514.373 100 Sr III 471. 789 5 Sc IV 

549.3785 4 C II 514.3100 7 Ar II 471. 7580 25 Sr IV 

549.3195 2 C [] 513.849 1 N II 
I 

470.251 5 Sc IV 

548.7808 7 ArlI 513.2661 2. Rb II i 467.392 3 Sc IV 

547.9961 4 Arll 512.0982 3 Bel 466.963 3 Sc IV 

547.4606 12 Arll 511.5225 40 C III 466.194 5 Sc IV 

547.1651 9 ArIl 511.1907 2 Al III 466.131 5 Si III 

546.1768 8 ArIl 511.1384 4 Al III 465.482 5 Sc IV 

543.7305 9 Arll 510.758 2 N II 465.2331 20 Sr IV 

543.2033 15 Arll 509.9979 2 He I 463.663 4 Sc IV 

542.9124 10 Arll 508.6431 1 HeI 462.567 6 Sc IV 

541.3020 2 Arll 507.033 40 Sr III 462.3908 50 Ne II 

540_9047 2 CI II 503.6504 2 Ar II 461.812 3 Sc IV 

540.0270 2 CI II 502.1630 2 Ar II 460.7284 100 Ne II 

538.3120 200 C III 501.1897 2 Ar II 460.0487 15 C III 
538.3083 4 CI 11 498.6804 18 Sr IV 458.155 10 Si IV 

538.1487 120 C III 497.4296 1 Rb II 457.815 20 Si IV 

538.0801 40 C III 492.6500 10 C III 456.8962 9 Ne II 

537.1396 5 Ar II 492.4083 5 Ar II 456.3485 12 Ne II 

537.0296 25 Hel 491. 782 50 Sr 111 455.2730 20 Ne II 

535.2885 40 C III 489.1954 8 Ar II 454.6540 15 Ne II 

534.1859 25 Sr JV 488.9615 4 Ac 11 450.7338 25 C III 

i 
533.815 3 N " 488.7927 9 Ar II 449.4736 15 Sr IV 

533.729 8 N II 488.4160 20 Sr IV 447.8146 18 Ne II 

533.650 3 N II 488.2599 20 Sr IV 446.5902 25 Ne II 

533.581 5 N 
I 

487.2272 10 Ar II 446.2552 30 Ne II II I 

533.511 3 N 11 i 484.511 13 V V 445.748 3 Sc IV 

531.8467 18 Sr IV 484.2049 25 Sr IV 445.0393 20 Ne II 

530.4954 9 Ar II 483.007 15 V V 444.623 4 Sc IV 

530.1729 3 Rbn 481.557 8 V v 442.7302 25 Sr IV 

529.867 5 N II 481.434 6 Sc IV 442.262 6 Sc IV 

529.722 2 N II 479.2178 2 Ar II 441.495 7 Sc IV 

529.637 2 N II 47H.bl13 20 Sr IV 441.189 7 Sc IV 

529.491 1 N II 478.611 3 Sc IV 440.1472 15 Sr IV 

529.413 2 N 11 477.765 4 Sc IV 438.980 5 Sc IV 

529.355 2 N II 477.0240 1 C III 438.786 9 Sc IV 

526.4969 7 Ar II 477.1049 4 Ar II 438.481 3 Sc IV 

524.6804 9 ArIl 476.206 3 Sc IV: 437.6558 20 Sr IV 
522.7925 9 ArIl 475.9056 0 Ar II 437.3417 20 Sr IV 

522.2128 10 Hel 475.785 4 Sc IV 437.237 75 Sr III 

519.3270 10 Ar [] 474.673 5 Sc IV 436.138 5 Sc IV 

518.9089 !i Arll 474.531 4 S~ IV 4~4_~98 5 Sc IV 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength~Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

433.3391 15 C III 371.2114 9 Sr Iii 305.5119 ' 5 Sr IV 
431.780 5 Se IV 371.159 10 Se IV 304.6589 10 Sr IV 
430.6439 30 Sr IV 364.0494 10 Sr IV 303.7822 100 Hell 
430.3576 20 Sr IV 363.8598 5 C III 301.6691 12 Sr IV 
430.2118 25 Sr IV 363.7852 3 C III 30l.5910 10 Sr IV 

426.691 4 Se IV 363.7538 1 C III 300:3830 5 Sr IV 
425.524 4 Se IV 363.4916 10 Sr III 300.3254 5 Sr IV 
422.627 3 Se IV 362.4544 6 Nell 300.2727 12 Sr IV 
422.0751 15 Sr IV 36l.659 3 Si IV 300.1237 15 Sr IV 
422.023 5. Se IV 361.560 6 Si IV 299.2723 9 Sr IV 

421.328 3 Sc IV 361.4321 9 Ne II 299.0385 15 Se IV 
420.806 6 Sc IV 358.8008 6 Sr III 298.9823 10 Sr IV 
420.503 5 Sc IV 357.5346 4 Nell 298.1187 15 SI· IV 

420.125 4 Se IV 356.8762 2 Nell 297.3237 8 Sr IV 
420.004 5 Se IV 356.8001 5 Nen 296.7249 3 V V 

419.7836 30 Sr IV 356.5S98 3 Ne II 296.6.941 5 Sr IV 
419.525 6 Se IV 356.4399 3 Nell 296.6027 9 Sr IV 
418.808 5 Se IV 356.1288 4 Ne II 296.3108 15 SCIV 
416.448 4 Se IV 355.9480 4 Nell 295.8897 10 Sr IV 
.415.968 7 Se IV 355.6550 4 Ne II 295.3501 8 Sr IV 

415.3243 40 Sr IV 354.9620 6 Nell 293.3046 8 Sr IV 
413.0647 40 Sr IV 353.9297 3 Ne II 293.2161 12 Sr IV 
412.969 5 Se IV 353.2145 5 Nell 293.1653 10 Sr IV 
412.9304 30 Sr IV 352.9549 9 Nell 293.0687 9 Sr IV 
412.1026 12 Sr IV 352.2436 3 Ne II 291.3261 4 C III 

411.9577 1 C III 351.6203 10 Sr III 291.1881 12 Sr IV 
410.6711 20 Sr IV 334.1088 5 Sr III 291.0897 12 Sr IV 
410.080 4 Se IV 330.7887 2 Nell 290.5323 10 Sr IV 
407.1377 12 Nell 330.6636 8 Sr III 289.8505 15 SeIv 
406.9426 35 Sr IV 327.6210 2 Nell 289.6795 10 Sr IV 

405.8538 15 Nell 327.2605 3 Ne II 286.8383 9 V V 
403.8494 35 Sr IV 326.7856 5 Ne II 285.9796 8 V V 
399.9252 40 Sr IV ~2(L5~7n 4 Np. II 2A58335 8 0 IV 

399.1958 10 Sr IV 324.5686 2 Ne II 285.7103 4 0 IV 
396.2185 50 Sr IV 322.5741 16 C III 285.2983 10 Sr IV 

394.B951 45 Sr IV 321.6105 5 . Sr III 285.1680 10 Sr IV 
392.9989 50 Sr IV 320.2926 2 Hel 285.0364 10 Sr IV 
392.4324 75 Sr IV 313.4738 5 Sr IV 284.5806 5 V V 
389.0898 10 C III 313.3757 7 V V 284.4951 3 V V 
389.0045 6 C III 312.3950 8 V V 284.3115 12 Sr IV 

388.9687 2 C III 310.7067 4 Sr IV 283.1669 7 Sr IV 
388.5834 4 Sr IV 310.1697 10 C III 283.0739 9 Sr IV 
386.2028 300 C III 309.3077 9 Sr IV 281.8157 10 Sr IV 
378.5275· 20 Sr IV 307.0226 6 Sr IV 279.9330. 120 0 IV 
377.4154 5 Sr IV 306.1795 6 Sr IV 279.6309 60 o IV 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength - Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

274.7384 10 Sr IV 214.2046 1 0 IV 182.2421 15 MglII 
272.4493 20 Naill 214.1516 5 0 IV 1~1.3441 14 Mg IV 
272.0717 20 Naill 214.0277 2 0 IV 181.2756 2 0 IV 
271.1892 6 Sr IV 213.9747 1 0 IV 181.1497 1 0 IV 
268.6251 50 Naill 207.9957 5 Na III 180.7947 20 Mg IV 

267.8713 50 Naill 207.8847 7 Na III 180.6144 25 Mg IV 
267.8618 8 Sr IV 207.7956 100 0 V 180.0693 12 Mg IV 
267.6428 70 Naill 207.4593 6 Na III 178.0144 25 Li n 
266.8945 25 Naill 207.2959 10 Na III 172.3099 20 Mg IV 
264.2188 6 Sr IV 207.2386 9 0 IV 172.1689 250 0 V 

260.5560 30 0 IV 207.1826 5 0 IV 171.8997 4 MgIII 
260.5465 2 0 IV 206.8729 6 Na III 1.71.6551 25 Mg IV 
260.3889 45 0 IV 203.3240 8 Na 111 171.5758 10 Li 11' 

256.3170 20 Hell 203.2819 8 Na III 171.3941 15 MgIIl 
252.4396 9 V V 203.0527 8 Na III 170.8041 15 MgIII 

251.6550 10 V V 203.0437 2 0 IV 170.2194 8 0 V 
251.3725 30 Na III 202.8847 1 0 IV 169.7427 6 MgIII 
243.0266 7 Hell 202.7607 8 Na III 

I 
169.1416 7 Mgm 

240.9339 2 V V 202.4910 8 Na III 168.7430 5 Li " 239.4845 9 V V 202.3906 15 0 V 168.0084 2 0 V 
t 

239.4069 8 V V 202.3316 5 0 V 167.9892 10 0 V 
238.5792 60 0 IV 202.2805 5 0 V 166.2351 5 0 V 
238.5697 540 0 IV 202.2216 3 0 V 166.1504 3 0 v 
238.3598 300 0 IV 202.1825 6 Na III 166.1128 1 0 v 
237.3307 3 Hell 202.1580 4 0 v 164.70B7 3 0 v 

234.3472 2 Hen 202.1485 6 Na III 164.6569 8 0 v 
234.2644 80 Mglll 199.2793 100 Li 11 164.6256 2 0 v 
232.5842 1 Hen 196.0525 5 Na. III 164.5887 2 0 V 

231. 7336 100 Mgm 196.0063 15 0 IV 164.5739 3 0 V 

223.4026 5 Sc IV 195.8596 8 0 IV 164.1766 I 0 V 

220.3527 450 0 v 195.5285 6 Na III 160.8023 11 Mg IV 

220.2776 8 Sc IV 195.4536 3 Sc IV 160.2283 14 MglV 

217.1897 5 Sc IV 194.5919 30 0 V 156.2269 2 0 V 

217.1111 3 Naill 193.0058 4 0 V 153.9516 2 0 V 

216.1177 12 NaIll 192.9111 75 0 V 151.5468 15 0 V 

21::>.8592 12 Naill 192.9035 425 0 V 151.4774 9 0 v 

215.4814 8 Naill 192.7979 300 0 v 151.4470 3 0 V 

215.3051 5 Sc IV 192.7501 100 0 v 148.1186 10 MgIV 

215.2448 :;0 0 v lHH.5296 10 Ma:I11 147.8854 9 Mg IV 

215.1028 30 0 V 187.1966 20 MglII 147.7487 11 Mglv 

215.0790 8 Na III 186·5143 20 MgUl 147.6314 8 Mg IV 
215.0455 8 Nalll 185.7450 50 U V 147.5352 17 Mg IV 

215·.0398 10 0 V 184.1927 4 Mg IV 

I 
147.4973 4 MgIV 

214.5868 8 Na III 183.4399 11 Mg IV 147.3201 10 Mg IV 
214.2300 7 Na III 1B2.9720 12 M III 147.2538 11 M IV g g 
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2.2.b. Vacuum Ultraviolet Linelist by Wavelength-Continued 

Wavelength Inten- Spectrum Wavelength Inten- Spectrum Wavelength Inten- Spectrum 
A sity A sity A sity 

147.0518 11 Mg IV 105.4679 3 Li III 26.9898 7 C VI 

147.0063 11 Mg IV 104.1421 2 Li III 26.3573 3 C VI 

146.~526 20 Mg IV 103.3586 I Li III 26.0260 2 C VI 

146.8381 10 Mg IV 100.2552 100 Be III 25.8303 I C VI 

146.5264 11 Mg IV 88.3088 25 Be III 24.7810 100 N VII 

140.9635 11 Mg IV 84.7545 10 Be III 21.3040 25 o VII 

140.9t42 8 Mg'lv 83.2001 5 Be III 21.6020 100 o VII 

140.8658 11 Mg IV 75.9277 100 Be IV 20.9098 20 N VII 

140.5574 11 Mg IV 64.0648 20 Be IV 19.8258 7 N VII 

140.5222 11 Mg IV 60.7431 7 Be IV 19.3613 3 N VII 

140.4732 11 Mg IV 60.3145 100 B IV 19.1179 2 N VII 

140.4251 10 Mg IV 59.3195 3 Be IV 18.9741 1 N VII 

140.1719 17 Mg IV 58.5739 2 Be IV 18.9689 100 OVJlI 

140.1186 10 Mg IV 58.1333 1 Be IV 18.6285 25 o VII 

139.9903 7 Mg IV 52.6807 25 B IV 17.7685 10 o VB 

139.0289 8 0 V 50.4342 10 B IV 17.3962 5 o VII 

138.3915 8 Mg IV 49.4555 5 B IV 16.0059 20 o VIII 

138.2617 10 Mg IV 48.5874 100 B V 15.1762 7 o VIII 

138.1090 5 0 V 40.9964 20 H V 14.B20b 3 o VIII 

138.0511 3 0 V 40.7306 5 C V 14.6343 2 o VIII 

1:lR.02!lfi 1 0 V 40.2679 100 C v 14.5243 1 o VIII 

137.9661 6 Mg IV 38.8709 7 B V 

135.5232 8 0 V 37.9599 3 B V 

134.9977 100 Li JJI 37.4828 2 B V 
133.1967 9 Mg IV 37.2008 1 B V 

132.5123 3 Mg IV 34.9729 25 C V 

132.1238 5 Mil IV 33.7360 100 C VI 

124.6159 4 0 v 33.4264 10 C V 

113.9051 20 Li lit 32.7545 5 C v 
107.9990 7 Li III 28.4656 20 C VI 
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